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In the course of a survey of hepatic cirrhosis as observed at nec- 
ropsy at the Cincinnati General Hospital, it became apparent that con- 
ventional criteria for classification of this condition were not sufficiently 
clearly drawn to permit ready inclusion of many examples encountered. 
Certain definitive, albeit uncommon conditions, such as postnecrotic,’ 
obstructive,” congestive (cardiac) ** and pigmentary (hemochromato- 
sis) cirrhosis, were easily distinguished by reason of special, universally 
appreciated properties. All of these, however, comprised only 35 per 
cent of the cases of cirrhosis. It was the remaining 65 per cent which 
appeared to require clarification. 

The term “cirrhosis” itself is the subject of some disagreement. All 
investigators appear to predicate the existence of hepatic fibrosis with 
wide distribution. Most authors, following the dictates of Réssle, also 
incorporate such requirements as parenchymal cell destruction and re- 
generation, with the implication that the former constitutes an essential 
precipitating factor.®* In some instances architectural distortion or a 
progressive nature of the lesion are considered prerequisites.*® Thus, 
in composite, cirrhosis is considered to be a chronic, continuing dis- 
order, stemming from low grade or recurrent necrosis, characterized by 
inflammation, nodular regeneration and diffuse connective tissue pro- 
liferation.*° By some, those forms of fibrosis which follow single episodes 


This investigation was supported in part by the John R. Stark Memorial Research 
Fund. 
Received for publication, July 9, 1959. 


241 


242 GALL Vol. 36, No. 3 


of necrosis are excluded.’"** Others question whether the residual fibro- 
sis in postnecrotic cirrhosis is real (proliferative) or apparent (con- 
densation of pre-existing stroma).’*'* A definition which would em- 
brace all requirements would be cumbersome, equivocal, and something 
of a semantic monstrosity. The comparatively simple delineation “a 
widely distributed hepatic fibrosis stemming from parenchymal necro- 
sis or persisting inflammation” permits the inclusion of all of the com- 
monly accepted forms of cirrhosis, recognizes the existence of multiple 
causes and mechanisms, and excludes such focal and spotty lesions as 
hepar lobatum and cicatrization following localized necrosis (infarction, 
abscess, etc.). 

The welter of subdivisions is in even greater need of simplification. 
Such labels as Laennec’s, Hanot’s, portal, primary biliary, cholangiolitic, 
trabecular, septal, micronodular, coarsely nodular, alcoholic, fatty and 
nutritional cirrhosis undoubtedly have limited local usefulness.’*"* For 
broad interchange, however, the variations in interpretation are of such 
order as to restrict greatly the value of such nomenclature. Essential 
to the interpretation of this terminology is a clear recognition and un- 
derstanding of structural features. 

The present report represents a critical evaluation of the anatomic 
patterns in two forms of cirrhosis which do not appear to have been 
sharply distinguished from each other. In this paper these are designated 
as nutritional and posthepatitic cirrhosis, terms which have the benefit 
of fairly general usage.’**° A contrast is also drawn between these two 
and postnecrotic cirrhosis.’*"** The latter is chosen as a base line 
since there is little controversy as to its mechanism of development 
which, indeed, is reproducible experimentally.’*:*:?* Moreover, there 
is some evidence that this lesion has not been as sharply defined as its 
characteristics should warrant.?*** 

In addition to the essentially descriptive portrayals, an effort is 
made to introduce considerations of pathogenesis in respect to each cate- 
gory. The large number of specimens examined, and the developmental 
stages encountered would appear to justify this procedure despite the 
obvious need for presumption. 


MATERIAL 


During the 25-year period (1931 to 1955) selected for investigation, 
16,332 necropsy examinations were carried out at the Cincinnati Gen- 
eral Hospital. The annual procurement rate averaged 46 per cent of 
deaths. A significant number of the patients, however, were in early in- 
fancy (2,485); an additional 1,590 were less than 21 years of age. The 
incidence of primary hepatic lesions in infancy, childhood and youth was 
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exceedingly low. Among the 12,257 adults, on the other hand, cirrhosis 
was encountered in 755 (Table I), an incidence of 6 per cent. 

Gross descriptions as given in the protocols were carefully analyzed 
and the features cited and tabulated. Specimens, often from multiple 


TABLE I 


HEPATIC CIRRHOSIS 
NECROPSY CASES, CINCINNATI GENERAL HOSPITAL (1930 TO 1955) 


No. of 
Type of cirrhosis cases 
Posthepatitic cirrhosis 262 
Nutritional cirrhosis 231 
Mixed cirrhosis 72 
Obstructive (biliary) cirrhosis 67 
Postnecrotic cirrhosis 61 
Congestive (cardiac) cirrhosis 34 
Pigmentary cirrhosis (hemochromatosis) 28 
Total 755 


sites, were of tissue fixed in formalin or Zenker-acetic acid and em- 
bedded in paraffin; sections were stained with hematoxylin and eosin. 
Paraffin blocks were available in almost all instances and wet formalin 
tissue in many. Additional sections were stained for elastic tissue, re- 
ticulin, connective tissue by the Masson trichrome method, and for fat 
as desired. 


OBSERVATIONS 


Six distinctive patterns of cirrhosis were identified (Table I). The 
names applied to these (postnecrotic, uutritional, posthepatitic, ob- 
structive, pigmentary, and congestive cirrhosis) have general recogni- 
tion although varying connotations. A seventh category, mixed cirrhosis, 
exhibited the features of two or more forms, each to a degree sufficient 
to permit detection. In the other categories minor differences in struc- 
ture were commonplace, but the essential nature of the underlying con- 
dition was readily appreciated. Of pertinence were the gradations at- 
tributable to intensity and duration which permitted the formation of 
a developmental sequence of pathogenetic events. 

The prototypes of the 2 most common forms, nutritional and post- 
hepatitic cirrhosis and, for the reason given above, postnecrotic cirrho- 
sis are described in detail and contrasted with each other. In each case 
an effort is made to trace the mechanism of development from tissues 
available in earlier stages of the particular disorder. 


= 
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Postnecrotic Cirrhosis 
(Subacute or healed yellow atrophy; toxic cirrhosis; coarsely 
nodular cirrhosis) 

Gross Features. This form of cirrhosis is characterized by a mis- 
shapen liver which is heavy but often reduced in bulk. In advanced stages 
the organ may be inordinately shrunken. Residual parenchyma has a 
relatively normal or pallid brown color which may be altered (bright 
yellow, green) by activity of necrosis or regeneration. 

Broad scarring and not coarse nodulation constitutes the character- 
istic feature here (Table II). Major portions (indeed, an entire lobe) 
of the liver may be replaced by homogeneous cicatrization. More often, 
however, broad scars course irregularly among islands of surviving 
parenchyma (Figs. 4 and 7). The collagenized zones are relatively 


TABLE ITI 
DIFFERENTIAL DIAGNOSIS OF CIRRHOSIS 
Diagnostic 
features Postnecrotic Nutritional Posthepatitic 
Macroscopic 
Size Normal or Enlarged Normal or 
reduced reduced 
Color Gray-brown Yellow Reddish brown 
Texture Tough +++ Tough ++, Tough ++ 
greasy 

Scarring: 

Type Coarse Fine Trabecular 

Distribution Irregular Uniform Uniform 

Breadth 0.I-5.0 cm. 0.01-0.I cm. 0.I-0.3 cm. 
Nodule: 

Size Fleck-7 cm. 0.2-0.3 cm. 0.5-1.5 cm. 

Uniformity Irregular Uniform Uniform 

Microscopic 

Intact lobule ° 
Pseudolobulation +4 +44 = 
Fat = +++ 
Pseudoductule 
Hemosiderin + ° 
Bile stasis ° 
Central veins +44. 


smooth, tough, pale (grayish white to greenish brown) and depressed. 
Nodules are embedded in this matrix and project above it. 

The nodular component represents persisting parenchyma, and the 
range in size is from barely perceptible, fleck-like foci to coarse, ir- 
regular masses 5 to 7 cm. in diameter. These may be widely dispersed 


March, 1960 HEPATIC CIRRHOSIS 245 


in the smooth background of collagen (Fig. 1) or may be in relatively 
close proximity (Fig. 4) with an irregular “cobblestone” construction. 
Even in the latter circumstance, however, coarse scars intervene. On 
occasion, terminal events lead to softening of certain nodules, causing 
them to differ from the remainder and to simulate the appearance of 
hepatoma. 

Microscopic Features. Here, too, the lesion is highlighted by scarring. 
Cicatrization of unequal but generally coarse nature proceeds in irreg- 
ular manner throughout. Strands are both fibrillar and densely colla- 
genized. There is little uniformity as to stromal breadth or its content. 
Fibroblasts, inflammatory cells, vascular channels and duct-like struc- 
tures are manifest in variable proportions. Inflammatory cells are pre- 
dominantly lymphocytes but may be accompanied by other forms of 
leukocytes. Histiocytes and entrapped single parenchymal cells are often 
indistinguishable, In recently induced lesions, fibroblast nuclei assume 
a vesicular, youthful appearance, but only an occasional mitotic figure 
is detected. Vascularity is abundant in the fresh process; it is reduced 
but never sparse in the older lesions. 

Despite persistence in some large areas of parenchyma, complete 
retention of normal architecture is exceptional (Fig. 10). In most in- 
stances, actually, the distortion is of high order, and such landmarks 
as are detected (central veins, portal areas) are displaced and disar- 
ranged. The great preponderance of elements comprise regenerative 
nodules in which the residual pattern of the liver cell cords (plates) ** 
is completely lost (Fig. 13). The cords are broadened, two or more cells 
in breadth, and exhibit diverse polarity; they border upon contorted 
sinusoids with essentially unremarkable Kupffer cell content. The lat- 
ter are phagocytic of bile pigment or particulate debris in the event of 
recent hepatic necrosis. 

Agonal complications introduce a heterogeneity of hepatic cell altera- 
tions. Fatty vacuolation rarely constitutes a prominent feature; on the 
other hand, evidence of patchy “fall out,” regenerative proliferations of 
different durations, or terminal massive necrobiosis are common. The 
latter is a frequent fatal concomitant of exsanguination from bleeding 
varices. 

Pathogenesis. Submassive hepatic necrosis of such order as to permit 
survival and healing but not restoration of the liver constitutes the 
basis for postnecrotic cirrhosis. Diffuse massive necrosis (acute yellow 
atrophy) with parenchymal destruction to an extent incompatible with 
life represents one extreme of this process, and transitory focal or zonal 
necrosis from which complete structural recovery is possible is the 
other.?®.*° In all instances a wide variety of causes may be operative; 
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these are infectious, dietary, toxic, and circulatory. The ultimate lesion 
induced, except in the instance of zonal necrosis, is indistinguishable 
as to cause. 


Post Necrotic Cirrhosis 
A. B. 
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TEXT-FIGURE 1. Schema for pathogenesis of postnecrotic cirrhosis. 

Normal liver. Lobules are shown as squares; small centrally placed circles represent 
centrilobular veins. Circles at cross angles denote location of portal areas. 

Large crosshatched regions represent areas of submassive necrosis. 

Dotted spaces indicate “fall out” of parenchyma in necrotic areas. 

Areas of necrosis undergo collapse of stromal framework with distortion of residual 
parenchyma. The latter is the seat of regenerative proliferation. 

Darkened wavy areas represent collagenization and broad scarring of stromal collapse 
zones. Remaining lobules are enlarged and distorted. 


~ 
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In massive necrosis the liver is smooth, congested or bile stained, 
and flabby. Microscopically, one observes almost total loss of paren- 
chymal elements; only portal areas, congested sinusoids, the reticular 
framework, inflammatory cells, and particulate debris (intra-and ex- 
tracellular) remain. In many instances minute fleck-like islands, solitary 
cells, or narrow fringes of deformed surviving elements about the por- 
tal areas may be encountered in fatal cases. 

In the surviving individual, life is maintained in precarious fashion 
by the remaining parenchymal elements. Subsequently, two phenomena 
occur simultaneously (Text-fig. 1). In the regions devoid of parenchyma, 
collapse of the pre-existing reticulin framework and relatively unaf- 
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fected portal areas occurs.*"** The structures which are condensed in 
this manner vary in extent with the breadth of necrosis. Falling to- 
gether, thus, are the sinusoids, perisinusoidal reticulin, surviving single 
or small clusters of hepatic cells, and portal tracts. There results a 
loosely fibrillar, highly vascularized stroma, containing inflammatory 
cells in rich abundance, displaced interlobular ductules, and minute 
groups of liver cells. In due course, collagenization occurs, and with its 
development there is reduction in both vascular and inflammatory com- 
ponents. Ductules and residual parenchymal cells are compressed and 
attenuated in the thickening stroma. 

Simultaneously, persisting parenchyma of sufficient amount resists 
collapse although the contiguous stroma is draped about the periphery 
in capsule-like fashion. The appearance of encapsulation becomes more 
striking as regenerative proliferation occurs in these islands. As they 
enlarge and abut upon the condensed stroma, a roughly spherical con- 
figuration is induced and mutual compression supervenes. The nodula- 
tions may vary in proximity and in diameter, depending upon initial 
size and dispersion. The intrinsic architecture is much perverted, and 
regular lobular arrangement is inapparent although portal tracts and 
centrilobular veins are distributed at random. 

Enmeshed in the stroma are epithelial structures with cord or ductu- 
lar aspect; these are of especial interest (Fig. 10). They are more 
abundant in earlier lesions. Some of them undoubtedly represent pre- 
existing interlobular biliary ductules displaced and brought together by 
loss of parenchymal substance. Most of them, however, appear to be 
freshly formed. 

There has been much debate as to the origin of these structures.** 
Some contend their derivation by proliferation of pre-existing bile ducts; 
others consider that they represent abortive efforts of regeneration of 
small isolated groups of parenchymal cells trapped within the connec- 
tive tissue; still others consider them to be inactive remnants of dis- 
placed parenchyma in process of compression atrophy.** The lack of 
orderly supporting elements, elastica*® in particular, the frequent ap- 
pearance of the phenomenon in all forms of liver cell disturbance, and 
the prominence of similar duct-like structures in the centrilobular re- 
gions in congestive cirrhosis** (a portion of the lobule where pre- 
existing ducts cannot be said to contribute) lead one to the conclusion 
that this pattern does not reflect proliferation of true ducts.*”** Since 
origin from parenchymal elements appears likely, the designa- 
tions pseudoductule or pseudotubule are preferable.*® True ductular 
proliferation occurs almost exclusively in association with obstruction. 
This is the case in obstructive (biliary) cirrhosis but may, in a minor 
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way, reflect focal obstruction by scar in other forms of hepatic fibrosis. 
That abnormality of “cholangioles” lies at the root of pseudoductule for- 
mation is considered highly doubtful.*® 


Nutritional Cirrhosis 
(Alcoholic, fatty, micronodular, Laennec’s cirrhosis) 


Gross Features. The liver here is characteristically heavy and much 
enlarged, often extending well below the costal margin. It frequently ex- 
ceeds normal weight by at least 25 per cent, and increases of 100 per cent 
(3,000 to 4,000 gm.) are not unusual (Table II). The organ is golden 
yellow, with gradations attributable to dietary correction or agonal 
necrosis (brown to green). The free surface is pebbled by fine uniform 
nodulations, approximating 2 to 3 mm. in diameter, separated by a net- 
work of narrow, slightly depressed scars (Figs. 2 and 5). How much this 
deserves the appellation “hobnail” liver, in this era of unfamiliarity with 
hobnails, is open to serious question. Characterized by toughness, the 
sectioned surface is yellow and greasy, and maintains the uniform, fine 
nodularity and a delicate tracery of intervening fibrosis (Fig. 8). On 
occasion, nodulations are of such minuteness as to afford an appearance 
not unlike that of tanned pigskin. 

Microscopic Features. Parenchymal cells are disarranged, swollen 
and, as a rule, uniformly coarsely vacuolated (Figs. 11 and 14). Lipid 
content may be released to form intercellular pools surrounded by the 
remnants of depleted cells.*® Sinusoids are narrowed or inapparent, and 
cell columns lack radial structure. Indeed, centrilobular veins are de- 
tected only rarely. 

Nodules are roughly the size of lobules but are devoid of lobular land- 
marks, Delicate fibrillar tongues interconnect stellate portal areas and 
join with similar strands arising from the central vein region (Figs. 17 
and 18). The lobule is not only encompassed but is segmented as well. 
It is this phenomenon which is styled pseudolobulation.”® 

Connective tissue strands do not exceed a thickness of one mm. and are 
usually of the order of 100 to 500 ». Interlobular ductules remain unaf- 
fected, but a rich production of pseudoductules is common (Fig. 17). 
Portal areas and their extensions may be surrounded by fringes of minute 
truncated epithelial cords with Medusa head appearance.*! These, of 
course, are not peculiar to this, or any other, form of cirrhosis. 

Pseudolobules seldom exceed one mm. in diameter and are compara- 
tively uniform; they obviously do not represent the grossly visualized 
nodules which usually measure 2 to 3 mm. (Figs. 3, 5 and 18). 

The overall microscopic pattern thus consists of fatty micronodules 
which lack central veins and other histologic landmarks and about which 
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is interspersed a fine fibrous network. In the latter are found pre-existing 
portal area structures, inflammatory cells and newly formed pseudo- 
ductules. 

Pathogenesis. Nutritional cirrhosis stems from the excessively fatty 
liver, characteristically but by no means exclusively encountered in the 
neglected alcohol addict. Almost all parenchymal cells are gorged with 
lipid, and the liver, in consequence, is enlarged, smooth and buttery in 
appearance. Disruption of overstuffed cells is common, and lipid aggre- 
gates gather with intercellular location; this phenomenon appears to be 
bland and is not accompanied by either inflammatory reaction or detecta- 
ble desmoplasia.** A contribution to stromal tension may contrive in 
some way to initiate fibrosis, but this is equivocal. 

Of somewhat more provocative nature are episodes of noninfectious 
(toxic) hepatitis, characterized by a transformation of the customary 
coarse, smoothly outlined lipid vacuoles (Fig. 16). These assume a mi- 
crovacuolar, foamy character, with blurring and fuzziness of outline and, 
in the event of formalin fixation, a deposit of “formalin pigment.” * 
Serious cellular injury is manifested by eosinophilia and swelling of 
mitochondria (Mallory’s alcoholic hyalin), necrosis of single or grouped 
cells with accompanying neutrophil exudate, and extensive intercellular 
(intracanalicular) inspissation of bile. Which factor or factors serve to 
precipitate episodes of this nature are unknown; undoubtedly they are 
many and varied. In many respects the alterations are similar to those 
observed in the lesion termed “florid cirrhosis” by Popper.*+** 

During recurrent periods of this character, with parenchymal unrest 
and necrosis, and probably the result of them, there is portal space edema 
and the appearance of a variable amount of leukocytic exudate; neutro- 
phils and lymphocytes have varying prominence in relation to the degree 
of intralobular necrosis. Kupffer cells, other phagocytes, and even he- 
patic epithelium contain significant amounts of hemosiderin during this 
period, and bile plug formation (canalicular) is a common concomitant. 

In due course, an increase of fibrillar connective tissue results in fur- 
ther portal area enlargement and the assumption of a stellate silhouette, 
as delicate fibrils emerge in “creeping” manner (Text-fig. 2). Simultane- 
ously, but to a lesser degree, edema, inflammation and stromal fibrilla- 
tion may be observed in the narrow connective tissue collar supporting 
the centrilobular vein. From both peripheral and central locations fine 
fibrillar prongs emerge; some terminate abruptly. In the case of the 
portal areas, some connect with twigs arising from nearby portal regions, 
and others, in highly characteristic manner, insert themselves into the 
lobules, ultimately joining with the fronds arising in the centrilobular 
region. 
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This slowly progressive process (“creeping fibrosis”) leads to division 
of the lobule in segmental fashion, resulting in “pseudolobules,” minute 
circumscribed nodules comprised of fat-filled liver cells without radial 


Nutritional Cirrhosis 
A B. 
° ° ° x ° 
= 
ODD) @) 
OMD 
) 
OO 


TEXT-FIGURE 2. Schema for pathogenesis of nutritional cirrhosis. 

A. Normal liver. Details are as given in Text-figure 1. 

B. Fatty alteration is not shown. Portal areas are enlarged, stellate, and narrow tongues 
of connective tissue (“creeping fibrosis”) are seen to emerge from both portal tracts 
and central veins. 

C. Fibrillar tongues interconnect and cause both circumscription and segmentation of 
hepatic lobules (pseudolobule formation). 

D. Contraction of stroma and fatty engorgement of parenchyma lead to enlargement and 
spherical configuration of pseudolobules. 


E. Contraction has resulted in a uniform, fine nodulation. The latter represents pseudo- 
lobules lacking in central veins and normal lobular architecture. 


structure. The participation of the perivenous stroma in the centrilobular 
region leads to the apparent loss of this landmark, which is now em- 
braced by the newly formed trabeculations. 

The ultimate pattern is thus a series of relatively equal-sized, spherical 
fatty nodules of approximately lobule volume. These are surrounded by 
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delicate connective tissue septums containing the remnants of portal 
area structure and centrilobular veins and, in varying proportions, newly 
formed pseudoductules and inflammatory cells. 


Posthepatitic Cirrhosis 
(Coarsely nodular, trabecular, septal, portal, Laennec’s cirrhosis) 


Gross Features. Of normal or slightly reduced bulk, the liver here has 
a reddish-brown, essentially normal coloration. As in the case of nutri- 
tional cirrhosis, nodulation is relatively uniform, but it is significantly 
coarser, the nodules measuring 0.5 to 1.5 cm. (Figs. 3 and 6). Fibrosis, 
too, is narrow and trabecular, the strands forming a meshwork surround- 
ing the nodules in regular fashion. The fine trabecular tracery is espe- 
cially noteworthy on the sectioned surface (Fig. 9). Neither the greasy 
texture of nutritional cirrhosis nor the coarse scarring of postnecrotic 
cirrhosis are manifest (Table II). 

Microscopic Features. Narrow bands of fibrous tissue traverse the 
parenchyma, extending from portal area to portal area with unilobular 
disposition, or more commonly, with multilobular pattern, enclosing 2 
to 5 lobules (Fig. 15). One or the other arrangement prevails in a given 
case. The fibrous septums measure 0.1 to 0.3 cm. in breadth and appear 
as prolongations of portal area stroma. There is relatively little intra- 
lobular intrusion, and the central veins notably remain unaffected (Fig. 
15). Varying numbers of lymphocytes appear in the stroma, occasionally 
with condensation about biliary ductules (pericholangitis) which are 
otherwise unaffected. This feature has no recognizable functional impli- 
cation. As in nutritional cirrhosis, pseudoductule formation is a frequent 
occurrence. 

Parenchymal cells contain little or no lipid; indeed, they usually ex- 
hibit an essentially normal lobular, radial pattern. Central veins main- 
tain their anatomic position, and pseudolobulation is not a feature (Figs. 
12 and 15). Recurrent inflammatory activity is characterized by patchy, 
nonzonal, individual cell degeneration and necrosis. Small satellite clus- 
ters of lymphocytes pinpoint the sites of parenchymal disorder. 

Pathogenesis. It is implicit in the designation, posthepatitic cirrhosis, 
that this condition is considered a sequela of an underlying smoldering 
inflammation. Whether this is necessarily of infectious (viral) nature is 
not entirely clear. 

There is ample evidence that the populace maintains a reservoir of 
subclinical viral hepatitis, composed of individuals who have never ex- 
hibited clinical manifestations and of those who have seemingly recov- 
ered from the disease.*° It is this group, of course, which provides the 
omnipresent hazard of homologous serum jaundice. In a recent survey 
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Post Hepatitic Cirrhosis 
A. B. 


TEXT-FIGURE 3. Schema for pathogenesis of posthepatitic cirrhosis. 


Normal liver. Details are as given in Text-figure 1. 

“Universal triadal inflammation” of chronic hepatitis is characterized by enlargement 
and stellate configuration of all portal areas. 

Delicate fibrous strands emerge from portal areas and extend in perilobular fashion. 
These approach and interconnect with similar processes arising in adjacent portal tracts. 
Interconnections provide a trabecular pattern embracing single lobules or small groups 
of lobules which have otherwise retained architectural integrity. 


E. Trabecular contraction has resulted in spherical nodule formation. Enclosed lobules ex- 
hibit unimpaired structure. 


unrelated to the present investigation, the liver sections in over 3,000 
patients examined at necropsy at the Cincinnati General Hospital during 
the 5-year period 1953 to 1957 were re-examined. There were approxi- 
mately 1,000 instances in which the liver had been considered unaffected 
by significant abnormality of either intrinsic or extrinsic character by 
the initial examiner. Sections from these livers were scrutinized with a 
single criterion in view—the existence of chronic (lymphocytic) inflam- 
matory exudates in every portal area (“universal triadal inflammation’’). 
Although this phenomenon is not necessarily pathognomonic of viral 
hepatitis, it does represent a lesion which invariably accompanies this 
disorder in its various phases.**** Among the 1,000 specimens, there 
were approximately 5 per cent which exhibited this process. In these, the 
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portal areas were enlarged, edematous and heavily populated with 
lymphoid cells (Fig. 12). It is postulated that in certain instances post- 
hepatitic cirrhosis arises in such a milieu. 

In its earliest phases the lesion here differs from that of smolder- 
ing hepatitis only by the appearance of mild desmoplasia. As in 
the case of nutritional cirrhosis, delicate fibrils of connective tissue 
appear to emerge, affording a stellate outline to the interlobular tract. 
There is only mild and inconspicuous parenchymal cell alteration with- 
out specific location, and centrilobular veins remain unaffected. 

The minute fibrillar tongues continue to extend, as in “creeping 
fibrosis,” and in milder lesions terminate without interconnection or en- 
circlement of the lobule. There is only negligible intralobular intrusion 
and, thus, an absence of pseudolobulation (Text-fig. 3). In the more 
advanced stages, fusion of strands from adjacent or even distal portal 
areas eventuates, and the liver evinces a septate architecture. Unilobular 
encirclement may occur, but a multilobular pattern is usual. In the latter 
instance nodules may contain the components of several lobules, central 
veins are readily detected, and there are often essentially normal portal 
tracts distributed within the nodule. 


DISCUSSION 


At the Sixth Josiah Macy, Jr., Foundation Conference on Liver Injury 
(1947) a confusion of terminology and appreciation of cirrhosis was 
disturbingly manifest.** It is clear from the published proceedings of this 
meeting that 8 distinguished pathologists found themselves in complete 
agreement as to designation in only 19 of 106 microscopic sections. The 
sections had been considered by each of the submitting participants to 
be representative of a variety of liver disorders. It is little wonder that 
pathologists with more casual interest and with less authority approach 
consideration of hepatic cirrhosis in gingerly fashion. An uncertainty as 
to morphologic criteria for recognition has permitted the development of 
a number of clinical labels improperly assumed to have pathologic justi- 
fication. The use of stereotyped terms (portal, Hanot’s and Laennec’s 
cirrhosis) **® and the implication that clinical syndromes necessarily 
have a consistent pathologic background (chronic alcoholism,” primary 
xanthomatous, or cholangiolitic cirrhosis have led 
to distressing divergencies of meaning. 

Many forms of cirrhosis are well defined and more or less generally 
appreciated, if not as to form, certainly as to significance. There appears 
to be reasonable clinical, morphologic, and pathogenetic basis for the 
distinction of obstructive, congestive, parasitic, pigmentary, and post- 
necrotic varieties. A number of other forms with varying cause and pat- 
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tern are attributable, as in the case of pigmentary cirrhosis (hemochro- 
matosis), to genetic metabolic defects (Wilson’s disease, galactosemia, 
mucoviscidosis,” etc.). The two forms, nutritional and posthepatitic cir- 
rhosis, which comprised 65 per cent of the cases encountered in the pres- 
ent survey, though clearly distinguishable from each other, have been 
variously classified, confusingly described, and, at least in the case of 
the posthepatitic variety, not too well separated from postnecrotic cir- 
rhosis. There seems some purpose, therefore, in specifying their qualities 
in sharp descriptive fashion. 
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TEXT-FIGURE 4. Differential features in postnecrotic, posthepatitic and nutritional cir- 
rhosis. 

Upper left: Postnecrotic cirrhosis. Broad, irregularly distributed scars separate and sur- 
round the disarranged residuum of parenchyma. The latter is composed of nodules of 
varied (often large) size. 

Upper right: Posthepatitic cirrhosis. Scarring has a narrow trabecular pattern. Fibrous 
septums enclose single lobules or groups of lobules, the architectural integrity of which 
have been maintained. 


Bottom: Nutritional cirrhosis. Minute nodules are relatively uniform in size and configura- 
tion. These are enclosed within a delicate tracery of connective tissue. Nodules are 
pseudolobules and lack normal lobular landmarks. 


The speculations as to mechanism of development and underlying 
cause are justifiably subject to censure. In no instance has a single causa- 
tive factor been unequivocally demonstrated. The combination of stages 
as encountered in different cases for the purpose of establishing patho- 
genetic schemes constitutes a presumption subject to criticism. The lack 
of serial biopsy specimens as a basis for interpretation, however, leaves 
no alternative. At least this method provides a basis for a working evalu- 
ation and certainly cannot reflect upon the validity of the distinctive 
structural alterations observed in the advanced lesions (Text-fig. 4). 


| Vio, 
Gye, 
| 

(0 (e) 0,01 |e) 


March, 1960 HEPATIC CIRRHOSIS 255 


Although it is true that in the full-blown lesion, complete consistency 
of pattern is not a regular occurrence, variations imposed by complica- 
tions occurring during a terminal illness are ordinarily recognizable as 
such.”® This is also the case in respect to those disorders which may affect 
the lesion earlier in its course. A damaged liver is known to be vulnerable 
to noxae which under ordinary circumstances might have little effect 
upon it. This undoubtedly accounts for the group of cases classified as 
“mixed cirrhosis.” In such instances a liver which is the seat of one form 
of cirrhosis may have superimposed upon it the recognizable features 
of another variety. Thus, one finds postnecrotic cirrhosis with its focal- 
ized scarring accompanying one or another form of hepatic fibrosis. This 
in no way lessens the need for recognition of prototypes. It is reasonable 
to expect that clear definition of pathologic entities will ultimately permit 
clinical pathologic correlations not possible in the present uncertain state. 


SUMMARY 


A survey of necropsy specimens of liver obtained at the Cincinnati 
General Hospital during the 25-year period (1931 to 1955) has provided 
755 examples of cirrhosis for analysis. 

These have been classified as posthepatitic, nutritional, obstructive, 
postnecrotic, congestive, pigmentary, and mixed forms of cirrhosis. 

Three types, posthepatitic, nutritional, and postnecrotic cirrhosis, 
have been singled out for detailed appraisal of their gross and micro- 
scopic characteristics and for speculation as to mechanisms of develop- 
ment. 

Methods for differentiation of the 3 entities are outlined. 
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LEGENDS FOR FIGURES 
Figures 1 to 3 illustrate the gross external appearance of the liver in 3 forms of 
cirrhosis. Reduction is approximately equal in each specimen. 


Fic. 1. Postnecrotic cirrhosis. Nodules with irregular configuration and varied size 
project above the background of depressed, pallid scarring. 


Fic. 2. Nutritional cirrhosis. The pale yellow surface is characterized by small, 
granular nodulations. Scarring is comparatively fine and uniform in distribution. 


Fic. 3. Posthepatitic cirrhosis. Nodulations are coarser than those observed in nu- 
tritional cirrhosis; smaller and more uniform than those in postnecrotic cirrhosis. 
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Figures 4 to 6 illustrate the gross appearance of the sectioned liver in cirrhosis. 
Reduction is approximately equal in each specimen. 


Fic. 4. Postnecrotic cirrhosis. Coarse, irregular scarring outlines large, heterogene- 


ous nodulations. Note the bumpy appearance of the external surface viewed in 
silhouette. 


Fic. 5. Nutritional cirrhosis. Nodulations are small and uniform. Fine scarring 
affords the appearance of pigskin. 


Fic. 6. Posthepatitic cirrhosis. Uniform but relatively large nodules are separated 
by a fine trabecular network. 
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Figures 7 to g illustrate the sectioned surface of the liver in cirrhosis; a close-up 
view. Magnification is identical in each specimen. 
Fic. 7. Postnecrotic cirrhosis. As in Figure 4, the pattern is highlighted by nodules 
of irregular bulk set in a coarse fibrous framework. 


Fic. 8. Nutritional cirrhosis. Both the external and sectioned surfaces are shown. 
Fine (0.2 cm.), uniform nodularity is clearly manifest. 


Fic. 9. Posthepatitic cirrhosis. Scarring is trabecular and nodules are relatively uni- 
form in size (0.5 to 1.5 cm.) and shape. 
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Figures 10 to 12 are photomicrographs illustrating early stages in the development 
of hepatic cirrhosis. These and all remaining sections were stained with hematoxylin 
and eosin. 


Fic. 


Fic. 


Fic. 


10. Submassive hepatic necrosis, exhibiting early regeneration of parenchyma. 
Broad zones of stromal collapse contain pre-existing portal areas, reticulin and 
entrapped ductules. Some of the latter are interlobular ducts; others are pseudo- 
ductules. In the upper portion of the photograph, islands of residual parenchyma 
are in process of regeneration. < 60. 


11. Fatty liver with early portal area fibrosis. The lesion is probably reversible 
at this stage. Stellate portal regions are highlighted on a background of fatty 
parenchyma. X 60. 

12. Chronic active hepatitis (viral?). Parenchymal relations are undisturbed. 
Portal regions are enlarged, barely stellate, finely fibrotic, and contain a heavy 
sprinkling of lymphocytes. Nodulation has not been induced. X 60. 
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Figures 13 to 15 are photomicrographs illustrating advanced stages of hepatic 
cirrhosis. 

Fic. 13. Postnecrotic cirrhosis. Embedded in a broad background matrix of collagen 
are regenerated parenchymal nodules lacking in regular conformation. X 60. 
Fic. 14. Nutritional cirrhosis. Small, fatty pseudolobules are enclosed by delicate 

fibrous strands obscuring both portal islands and central veins. < 60. 
Fic. 15. Posthepatitic cirrhosis. Trabeculations surround nodules containing com- 
ponents of several lobules (portal areas, central veins). X 60. 
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Fic. 16. Toxic hepatitis. Coarse vacuoles exhibit fuzzy margins. Most cells are filled 
with fine, foamy, lipid vacuoles. Kupffer cells and parenchymal elements are 
heavily bile stained, and there is an eosinophilic hyaline network in many of the 
liver cells. X 500. 


Fic. 17. Nutritional cirrhosis. ‘Creeping fibrosis” characterized by interconnection 
of fibrillar tongues emerging from portal and central vein sheaths. Pseudolobule 
formation is induced by segmentation of the fatty parenchymal lobule. There 
is marked pseudoductule formation. X 500. 
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Fic. 18. A pseudolobule in nutritional cirrhosis. Spherical nodule of fat-filled paren- 
chyma is lacking in radial pattern or lobular landmarks. Nodule is outlined by a 
delicate frond of connective tissue. X 500. 


Fic. 19. Posthepatitic cirrhosis. From a stellate portal area, the seat of chronic 
inflammation, narrow fibrous trabeculae extend to adjacent portal areas (not in 
the photograph). X 500. 
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In Memoriam 


On November 12, 1959, Miss Lillian M. Leavitt died in 
Brookline, Massachusetts, at the age of 69 years. During the 
period from 1923 to 1940, Miss Leavitt acted as editorial as- 
sistant to Dr. Frank B. Mallory when he was Editor-in Chief, 
first of The Journal of Medical Research and, from 1925 on, 
The American Journal of Pathology. Her very careful and 
meticulous proofreading set the standard for the high degree 
of accuracy maintained in The Journal subsequent to this 
period. The pattern and caliber of The Journal reflect Miss 


Leavitt’s great devotion. 
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THE FINE STRUCTURE OF CEREBRAL FLUID 
ACCUMULATION 


II. Propucep sy TRIETHYL TIN POISONING 
AND Its COMPARISON WITH THAT IN THE HUMAN BRAIN 


Ricuarp M, Torack, M.D.; Rosert D. Terry, M.D., 
anp H. M. Zimmerman, M.D. 


From the Lucy and Henry Moses Research Laboratories 
of the Laboratory Division, Montefiore Hospital, New York, N.Y. 

The first part of this investigation * concerned the localized, mild cere- 
bral swelling secondary to experimental cold injury of the mouse brain. 
Electron microscopy revealed that the fluid accumulated solely within 
glial cytoplasm. In view of this strict localization, it seemed desirable to 
study other types of cerebral fluid accumulation. The purpose was to 
learn whether different causative agents, different rates of onset and dif- 
ferent degrees of severity altered the location of the fluid. 

The ingestion of alkyl tin compounds has been demonstrated to cause 
lethal cerebral swelling in human beings and in experimental animals.”* 
The brain is apparently the only organ affected, and is said to be diffusely 
and severely edematous. Magee, Stoner and Barnes* described the 
morphologic alterations as seen with the light microscope; they main- 
tained that the fluid was interstitial in location. However, previous 
studies of brain tissue with the electron microscope have shown the 
intercellular space to be very small both in the normal brain *° and under 
conditions of swelling.’** Therefore, the electron microscope was uti- 
lized to determine the site of the fluid accumulation in alkyl tin poison- 
ing. 

The fine structure of human cerebral swelling was compared with the 
experimental swelling in animals. The cerebral tissue surrounding some 
intracranial neoplasms in man has been described as being swollen.®*® 
Under such conditions the brain is enlarged, rather dry, and soft. It is 
considered on the basis of light microscopy that the accumulated fluid is 
at least in part intracellular. 

MATERIAL AND METHODS 

Triethy] tin sulfate (obtained through the courtesy of H. van der Kirk 

of Utrecht, The Netherlands) and triethyl tin hydroxide (Metal and 
This work was supported by a grant (B-1944) from the National Institute of Neuro- 
logical Diseases and Blindness of the National Institutes of Health. Publication was aided 


by the Sandy Schneider Memorial Fund. 
Received for publication, June 25, 1959. 
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Thermit Corporation, Rahway, New Jersey) were used to prepare a 0.2 
per cent aqueous solution. The former was preferred since it proved to 
be more soluble in water. This solution was added to a mixture of pow- 
dered Rockland Mouse Diet and water to make concentrations of the 
triethyl tin which varied from 12 to 32 parts per million. These mixtures 
and water ad libitum constituted the sole diet for the young adult C3H 
mice used in the experiment. Initially, the animals became irritable and 
developed roughened coats. Muscle weakness was prominent, especially 
in the hind limbs. The mice next reached a stage which was marked by 
diminished activity and virtual paralysis of the hind limbs. Terminally, 
there was increasing generalized rigidity with shallow respiration. The 
animals were sacrificed at different stages of involvement. 

Tissues from 25 animals were examined by light microscopy. The 
tissue was fixed in neutral 10 per cent formalin and stained with hema- 
toxylin and eosin, and by the periodic acid-Schiff (PAS) technique. 
Specimens from 18 animals were investigated with the electron micro- 
scope. For this purpose the tissue was fixed for 90 minutes in 2 per cent 
osmium tetroxide buffered with veronal acetate.’° Following rapid dehy- 
dration, the tissue blocks were embedded in methacrylate resin. They 
were sectioned with a Porter-Blum (Servall) microtome and mounted 
on formvar carbon-coated copper grids. RCA electron microscopes of 
the EMU-3A and EMU-3D series were used. 

Human brain tissue was obtained during neurosurgical procedures. 
The tissue was removed from the swollen area surrounding intracranial 
neoplasms. The tumors consisted of a metastatic carcinoma (primary 
site, carcinoma of the kidney), an astrocytoma, an ependymoblastoma, 
two mixed malignant gliomas and a glioblastoma multiforme. The human 
specimens were processed in the same fashion as the experimental tissue. 


RESULTS 


Hematoxylin and eosin stained preparations of the mouse cerebrum 
revealed severe loosening of cerebral structure in the myelinated areas 
of the brain (Figs. 1 and 2). This change was diffuse, and appeared to be 
much more severe than the swelling which occurred following cold 
injury.’ There were dilatation of the perivascular clear spaces and swell- 
ing of glial cell bodies. Apart from the glial enlargement, the exact loca- 
tion of fluid accumulation could not be determined. Periodic acid-Schiff 
stained preparations did not demonstrate a significant amount of PAS- 
positive material. 

Electron microscopic examination revealed the most important mor- 
phologic alteration to consist of enlargement of glial cell processes. In the 
less severe lesions these processes contained relatively normal mitochon- 
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dria and endoplasmic reticulum, and were surrounded by intact cell 
membranes (Fig. 3). The affected cells appeared to be of the same type 
as the clear glial cells which were implicated in the response to cold 
injury. The other glial cell types were not significantly altered. The de- 
gree of enlargement of the clear glial cells was considerably greater than 
that found in cold injury. There was no apparent fluid accumulation 
except within these cell processes. 

In the more advanced stages, endothelial cells were swollen so that 
their cytoplasm appeared less dense. The mitochondria of the clear glial 
elements were enlarged. There also appeared to be an increased number 
of microglia throughout the edematous areas. A striking feature was 
characterized by focal rupture of clear glial cell membranes (Fig. 4), 
but even in the immediate vicinity of these broken membranes there was 
no significant dissection of fluid into the intercellular space (Fig. 5). 
Adjacent cell membranes maintained their normal 10 to 30 mp spacing. 

One ml. of one per cent trypan blue was injected subcutaneously into 
several mice manifesting various degrees of alkyl tin intoxication. In no 
case did the vital dye penetrate the blood-brain barrier to stain the cere- 
brum. This substantiated the observations of Magee and co-workers.® 

Electron microscopic examination of the human tissue revealed ana- 
tomic alterations similar to those due to triethyl tin. Enlarged clear glial 
cell processes were again identified (Fig. 6). In many regions the cell 
processes were intact, and there was little alteration of endothelium and 
mitochondria. Other areas appeared more severely affected, and exhib- 
ited edema of the endothelium, swelling of mitochondria, and prominent 
microglia. In addition, rupture of clear glial cell membranes, similar to 
that found in severe tin poisoning, was noted (Fig. 7). Again, there was 
no extracellular fluid accumulation. 


DISCUSSION 


The cerebral fluid disturbance produced by the oral ingestion of alkyl 
tin compounds appeared to be fundamentally similar to that found in ex- 
perimental cold injury.’ In those experiments, a 30-second application 
of carbon dioxide ice to the cerebrum of the mouse produced local swell- 
ing of the brain. Examination of the tissue by electron microscopy re- 
vealed enlargement of the cell bodies and of the cytoplasmic extensions 
of the clear glial cells. The same clear glial cells and their processes were 
similarly affected in the animals poisoned with the tin compounds. There 
was no evidence to indicate the existence of an intermediary phase with 
intercellular fluid accumulation in response to either type of injury. The 
relatively minor differences in structural alteration could probably be 
related to the difference in severity of the conditions. However, it must 
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be stated that the mode of action of the alkyl tin compounds is largely 
unknown. Thus, the ruptured membranes, the endothelial swelling and 
the mitochondrial enlargement may conceivably be due to tin toxicity di- 
rectly, rather than to a secondary effect attributable to excessive fluid 
accumulation. 

Some of the animals were killed at a stage when only mild symptoms 
of tin intoxication were present; others were allowed to continue until 
the disease was very severe. In some of the experimental groups the 
clinical indications of nervous system disorder came on suddenly, but in 
others there was a gradual onset. None of these differences could be cor- 
related with a change in the location of the swelling as seen with the elec- 
tron microscope. 

In the case of cold injury, the blood-brain barrier was broken down 
so that subcutaneously injected trypan blue stained the swollen cerebral 
hemisphere. The swelling produced by the ingestion of triethyl tin, how- 
ever, was not accompanied by an alteration of this barrier as tested by 
trypan blue. Its competence, therefore, did not determine the location 
of the fluid accumulation any more than did the degree of severity or 
rate of onset. 

The swollen human brain revealed lesions which were remarkably 
similar to those in the experimentally altered mouse brain. Again, there 
was dilatation of the clear cells without enlargement of the intercellular 
spaces. Ruptured plasma membranes were reminiscent of triethyl tin 
poisoning. With regard to the location of the excess fluid in human tissue, 
the electron microscope confirmed the data gained by light microscopy. 
By both methods the excess fluid appeared to be wholly intracellular. 
This emphasizes the disparity between the observations with the light 
microscope and with electron microscopy with regard to the site of fluid 
localization in tin poisoning. 

Cerebral edema, as contrasted to cerebral swelling and as defined by 
Spatz,® is characterized by an enlarged, soft, wet brain. With the light 
microscope, the excessive fluid seems to occupy an intercellular position. 
This type of human wet brain has not yet become available for investiga- 
tion with the electron microscope. The fluid accumulation which results 
from alkyl tin intoxication had been previously classified as interstitial,* 
and this lesion has, therefore, been categorized as cerebral edema. How- 
ever, the electron microscope reveals an anatomic change which is similar 
to the intracellular swelling due to cold injury. The data obtained from 
these experiments and from the work of Gerschenfeld, Wald, Zadunaisky 
and de Robertis ® and Luse’ do not reveal a fundamental difference be- 
tween cerebral swelling and cerebral edema. This tends to confirm the 
opinion of Perret and Kernohan " that cerebral edema is a more severe 
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phase of fluid surcharge. As described above, with increasing severity of 
swelling, there are increasing numbers of broken cell membranes. It is 
possible that with more severe swelling, a stage may be reached where a 
significant proportion of glia have ruptured membranes. This morpho- 
logic change is probably accompanied by a lessened rigidity of the cyto- 
plasmic gel which is seen in the electron micrograph as dilution and 
decreased density of the cytoplasm. Under such circumstances the brain 
may appear wet and assume the picture of edema. 

In the first part of this investigation, it was shown that the normally 
minute cerebral intercellular space does not enlarge in response to the 
increased fluid accumulation due to cold injury. On this evidence it was 
suggested that this very small intercellular space had little or no func- 
tional significance in fluid transport. The present experiments again 
reveal the essentially inert and unresponsive nature of the cerebral extra- 
cellular area. This implies that another mechanism is required to carry 
on the process of fluid transport in the brain. Lumsden ” postulated that 
this was an intracellular function and that the astrocyte was the cell 
which is involved. He cited the length of the cells of this type, their pulsa- 
tile motility, and the presence of protoplasmic currents as evidence for 
this hypothesis. In our investigations, the clear glial cells were the units 
affected in abnormal fluid accumulation. These, then, are apparently the 
cells which carry on the function of fluid transport. 


SUMMARY 


1. Alkyl tin compounds in small amounts (12 to 32 parts per million) 
in the food of mice caused diffuse swelling of the brain. 

2. With the light microscope the excess fluid appeared to be interstitial 
in location, but the electron microscope revealed severe swelling of the 
clear glial cells without an increase in prominence of the minute inter- 
cellular space. 

3. Human cerebral tissue from the swollen area surrounding brain 
tumors also showed an increase in the cytoplasmic volume for clear glial 
cells without enlargement of the intercellular space. 

4. The presence of numerous ruptured glial cell membranes distin- 
guished these types of cerebral swelling from that previously reported in 
experimental cold injury. The significance of these ruptures is discussed. 

5. It is suggested that the clear glial cell plays an important role in 
cerebral fluid transport. 
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LEGENDS FOR FIGURES 
Fic. 1. Intact mouse cerebrum, showing the normal compact structure of the corpus 
callosum (CC), fimbria (F) and internal capsule (IC). Hematoxylin and eosin 
stain. X 100. 


Fic. 2. Mouse cerebrum in chronic triethyl tin poisoning. There is loosening of the 
fibers of the corpus callosum (CC), fimbria (F) and internal capsule (IC). 


Hematoxylin and eosin stain. X 100. 
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Fic. 3. Moderate glial swelling in tin intoxication. BV, blood vessel; M, mitochon- 
drion; MNF, myelinated nerve fiber; ER, endoplasmic reticulum; GP, process 
of clear glial cell. X 10,600. 


Fic. 4. Swollen glial processes with ruptured membranes (RGM) in tin poisoning. 
ECN, endothelial cell nucleus; M, mitochondrion. X 10,300. 
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Fic. 5. Higher magnification of the broken plasma membranes (RGM) of enlarged 
clear glial cell processes (GP). X 25,800. 


Fic. 6. Mild swelling of human cerebrum in an area adjacent to an astrocytoma. 
GP, process of clear glial cell; ER, endoplasmic reticulum; M, mitochondrion; 
MNF, myelinated nerve fiber. X 10,300. 
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Fic. 7. Severe swelling of perivascular processes of clear glial cells (GP). Human 
cerebrum adjacent to metastatic carcinoma. RGM, ruptured plasma membranes; 
EC, endothelial cell cytoplasm; LI, lipid inclusions; ER, endoplasmic reticulum. 
X 10,300. 
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FOCAL INTIMAL PROLIFERATION IN THE CEREBRAL 
ARTERIES 


W. E. Srensens, M.B., B.S. 


From the Department of of Sydney, 
Sydney, A 


In investigating the pathogenesis of atherosclerosis, it is important 
to start with the earliest possible stage of the lesion, which as yet has not 
been carefully defined. Areas of intimal proliferation have been described 
in the aorta? and about the orifices of the large distributing arteries ** 
in early life, but the cerebral arteries have not previously been examined 
in detail from this point of view. This intimal proliferation may be re- 
lated to atherosclerosis, as Wilens ' suggested. In the present work, serial 
sections of the cerebral arteries were made, rather than random sections 
as used by other workers. By this means, a more accurate localization of 
the thickenings in relation to the forks and a more thorough histologic 
study were made possible. 


MATERIAL AND METHODS 


The material consisted of 93 cerebral arterial forks from 22 human 
subjects, ranging in age from a fetus of 28 weeks to an infant of 8 months. 
All but 4 forks were bifurcations of the internal carotid and middle cere- 
bral arteries. The tissues were fixed in 10 per cent formalin and embed- 
ded in paraffin. Serial sections were cut at 7 », in such a plane as to obtain 
Y- or T-shaped sections. From 5 to 9 consecutive sections were mounted 
on each slide. Toluidine blue, Mallory’s phosphotungstic acid-hematoxy- 
lin (PTAH) or the McManus periodic acid-Schiff (PAS) technique were 
used to stain 2 nonconsecutive slides from near the center of the fork. 
All other slides were stained with Verhoeff’s elastic tissue stain and coun- 
terstained with eosin. 

The terminology used to define anatomic sites about the forks is the 
same as that used in a preceding paper.® The apex of the fork (Text-fig. 
1) is the point at which the axial column of blood impinges on the vessel 
wall at the bifurcation. The apical angle is the angle between the two 
branches, and the lateral angles are those between the parent stem and 
each of the daughter branches. The face is the area on the uppermost 
part of the stem near the fork and between the entrances to the branches. 
The back (or dorsum) is the corresponding area on the under surface. 
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RESULTS 


For the most part, the intima of the cerebral arteries of all sizes con- 
sisted of an endothelial layer and an internal elastic lamina, with no 
intermediate layer. The internal elastic lamina, when appropriately 
stained, appeared in transverse section as a darkly staining, frequently 
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TEXT-FIGURE 1. Diagram illustrating the terminology used for anatomic sites about the 
forks of vessels. (Reproduced from Stehbens ° with permission of the publisher.) 


wavy layer with sharply defined edges and of relatively uniform thick- 
ness. In tangential section it was a fenestrated membrane (Fig. 1). The 
fenestrae were mostly 2 to 3 » in size, but varied from about 1 to 8 » and 
were round or oval. They were fairly evenly distributed, though it was 
not uncommon for two to be very close together. The membrane, apart 
from the fenestrae, was fairly homogeneous. Variations from this struc- 
ture occurred only in relation to the intimal thickenings or in those sites 
at which the thickenings were commonly found. Such changes took place 
in a regular sequence, both in location and in time, beginning in fetal life, 
even as early as 28 weeks. 
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INTIMAL PROLIFERATION 


Sequence of Development of Intimal Pads 


Intimal thickenings were found only in relation to the sites of branch- 
ing of the arterial tree. The intimal proliferation did not occur diffusely 
about each fork but occurred as separate pads which later coalesced. 
They were named apical, facial, dorsal, and lateral pads (Figs. 2 and 3) 
according to their position. The facial and dorsal pads were the earliest 
to be seen and the lateral pads next, while the apex was the last site to be 
affected. The sequence of the development and localization of these inti- 
mal pads was found to be constant. Lateral angle pads were never seen 
in the absence of facial and dorsal pads. It was only when facial, dorsal 
and lateral pads had enlarged and begun to coalesce (Fig. 2) that 
changes were found at the apex. Eventually, all these pads became con- 
tinuous with one another. Without exception, the changes in all forks 
conformed to this pattern. Lateral pads occurred immediately beyond 
the site where the lateral wall began to curve into the proximal side of 
the daughter branch (Fig. 3). The extent of the alterations increased 
with increasing age of the subject and increasing size of the vessel. When 
there was considerable difference in the size of the two branches, there 
was only one lateral angle pad, as in Figure 3, on the side of the trunk 
from which the smaller branch took origin. Whatever the angle at which 


branches left the main stem, the position of the pads was the same, but 
the lateral pads were not always equal in size and extent on the two sides. 
At the bifurcation of the internal carotid artery, the lateral angle pad on 
the side of the anterior cerebral artery and elastic changes at the apex 
were sometimes found to develop earlier than the lateral angle pad on the 
side of the middle cerebral artery. There was also intimal proliferation at 
the orifices of smaller branches, but this was always less extensive. 


Early Elastic Tissue Changes 


Elastic tissue alterations were detected in the region of the face, dor- 
sum, lateral angles and apex before the appearance of intimal prolifera- 
tion. All intimal pads were associated with such changes, which were 
usually most prominent at the thickest portion or center of the pad but 
occasionally were seen beyond its edges. Sometimes the pad seemed to 
be slightly more extensive than the visible elastic tissue changes. 

The changes in the elastic lamina consisted of loss in the depth and 
uniformity of staining which was associated with the lace-like and 
fibrillary appearances seen in Figure 4. In cross section, the lamina was 
often relatively straight and thin, or at times granular, segmented, or 
fuzzy (Fig. 5). Beading or a tendency to segmentation of the elastic 
lamina was also seen about the fork with or without some intimal thick- 
ening. The lamina, in places, failed to stain at all (Fig. 6). 
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Facial, Dorsal, and Lateral Pads 


The earliest intimal pads found consisted primarily of smooth muscle 
fibers and some very fine elastic fibrils. In general, the smooth muscle 
fibers were less dense than in the media and were longitudinally ar- 
ranged. In sections stained by PTAH, there appeared to be more inter- 
cellular matrix than in the media (Fig. 7), but with Verhoeff’s stain 
(Figs. 8 and 9) the intercellular matrix appeared to consist of numerous 
elastic fibrils. The wavy elastic fibrils ran longitudinally in the pads and 
were probably thin laminas. These early pads were not areas of endothe- 
lial proliferation, for the endothelial cells were quite distinct from the 
underlying plain muscle fibers. Staining with toluidine blue and PAS 
revealed no metachromatic ground substance. 

Larger and older pads had similar features. They were occasionally 
more than 200 » in length, and often thicker than the media (Fig. 7). 
The underlying elastic lamina showed the changes (Fig. 4) described 
above. In addition, a new elastic lamina formed immediately beneath the 
surface (Fig. 10). This newly formed elastic lamina was usually most 
noticeable at the edge of the pad (Fig. 10), but it did often extend over 
the surface. The new lamina was thin, palely staining and very fibrillary 
(Fig. 11), though in older pads it was sometimes denser (Fig. 12). The 
lamina thus formed fused to the original lamina at the edges of the pad, 
and this gave the appearance of splitting of the original lamina. It 
seemed, however, that the duplication was caused not by splitting but 
by the formation of new elastic tissue beneath the endothelium. In Figure 
12 the new lamina appears beaded in places, and near the arrow it is 
pale and lacy. Newly formed elastic laminas always showed these 
changes to some extent. In still more advanced plaques, musculo-elastic 
proliferation had proceeded on top of the second lamina (Fig. 13). The 
pad then appeared to consist of two strata, separated by a layer of elastic 
tissue. Other small laminas or fibrils in these pads were pale or indistinct. 

These advanced pads with prominent accessory elastic laminas were 
found only in the forks of older subjects in which pads occurred at all 
areas about the fork. 


Apical Pads 


Apical pads occasionally projected well into the lumen, but usually 
were considerably thinner than those encountered elsewhere. The inter- 
nal elastic lamina showed the same sort of alterations observed in other 
situations (Figs. 14 to 16). Apical pads also consisted mainly of muscle 
and elastic tissue. New elastic tissue tended to form beneath the endo- 
thelium, giving the elastic lamina a frayed or split appearance (Figs. 14 
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and 16). The pads sometimes appeared to be a part of the media, but 
elastic tissue stains revealed remnants of the original elastic lamina, dis- 
tinguishing intima from media (Fig. 16). The outstanding feature of the 
apical pads was the general tendency for little intimal proliferation to 
take place, even in the presence of a fragmented or deficient elastic 
lamina. The apical pads were usually continuous with the facial and 
dorsal pads, and therefore might be merely the extension of the neigh- 
boring intimal thickenings. 


Frequency and Severity of the Intimal Changes with Age 


Grading the severity of the intimal lesions was technically difficult 
because the pads were cut in different planes of section, and the vessels 
varied considerably in size and angle of bifurcation. However, some indi- 
cation of the frequency and severity of the alterations may be gained 
by dividing the specimens roughly into 3 groups. The first group con- 
sisted of 9 forks from 2 fetuses of 28 weeks’ gestation. Changes in the 
elastic lamina with or without intimal proliferation were found in the 
facial and dorsal areas of 5 of these forks. The second group, consisting 
of 46 forks from fetuses of 36 weeks to infants of one month, revealed 
facial and dorsal pads in all cases. Some forks had lateral pads, but the 
apical regions were usually unaffected. A few of the pads contained two 
prominent elastic laminas. The remaining 38 forks from infants of 6 
weeks to 8 months formed the third group. In these there were facial 
and dorsal pads in all cases and usually lateral and apical pads. These 
pads were generally larger and thicker than those of the other groups, 
and many of them contained 2 or 3 prominent elastic laminas. 

Thus, the most marked alterations were observed in those instances 
in which there were pads at all sites about the fork; the least marked 
changes were observed in those in which there were only facial and dorsal 
pads. 


DISCUSSION 


The nature of the intimal proliferation in the arteries of infants is 
unknown. There has been much speculation, and in general it has been 
assumed to be a normal structural component of an artery. Some au- 
thors,'? however, have considered it to be the early stage or an integral 
part of atherosclerosis. The nature of the elastic tissue changes which 
preceded and were associated with intimal thickening is debatable, but 
they appeared to be steps leading to the eventual disappearance of the 
elastic lamina. Hass ® said that the early stage of atrophy of elastica was 
characterized by the partial or complete loss of specific staining qualities, 
and the elastic tissue changes described here are probably degenerative. 
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In a recent study of intimal proliferation in the aorta,? atrophy of muscle 
and elastica was noted both in the intima and in the adjacent media. 

If the elastic tissue alterations are degenerative, as it would appear, 
it follows that even at this early age there is some damaging factor at 
play. The intimal proliferation of the pads may be compensatory in 
nature because of the loss in tensile strength consequent upon the changes 
in the elastica. The pads continue to be associated with elastic tissue 
changes, and the new laminas also show similar features, suggesting that 
the hypothetical damaging factor persists. Recent evidence® suggests 
that turbulence may occur at the bifurcations and branchings of the 
cerebral arteries, and it may therefore be significant that the lateral and 
apical pads occur at stagnation points where the eddy currents are likely 
to occur. The facial and dorsal pads are not so easily related to flow 
patterns. 


SUMMARY 


Intimal pads around bifurcations of the cerebral arteries of fetuses 
and infants were preceded by and associated with prominent elastic tis- 
sue changes, which might well be degenerative in nature. The pads ap- 
peared in a regular sequence. Facial and dorsal pads preceded the lateral 
angle pads. These had extended and had begun to coalesce before the 
apex was affected. 

The pads consisted of musculo-elastic tissue. The apical pads were 
usually thinner than those at other sites, despite prominent changes in 
the elastic lamina. Successive laminas of elastica were formed, giving the 
intimal pads a stratified appearance. 
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LEGENDS FOR FIGURES 


Fic. 1. A tangential section of the internal elastic lamina. Note the fenestrae and 
the homogeneous appearance of the elastic tissue. Black dots are due to formalin 
pigment. Verhoeff’s stain. X 500. 


Fic. 2. An internal carotid artery, showing a facial pad (center) with prominent 
elastic tissue changes (center). Lateral pads are seen at L; that on the left is 
continuous with the facial pad. Verhoeff’s stain. X 20. 


Fic. 3. A lateral angle pad at branching of a middle cerebral artery in an infant. 
Note pallor of the elastic lamina beneath the pad. There is a defect of the media 
but no pad at the apex. Verhoeff’s stain. X 35. 


Fic. 4. An internal elastic lamina, pale and lacy, in tangential section. Endothelial 
cells and formalin pigment are manifest to the left. Compare with Figure 2. Ver- 
hoeff’s stain. X 500. 


Fic. 5. Slight intimal thickening associated with fragmentation of the elastic lamina 
at an apex. Verhoeff’s stain. X 300. 


Fic. 6. Slight intimal thickening but deficient elastic lamina at an apex. Verhoeff’s 
stain. X 300. 
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Fic. 7. A lateral angle pad containing muscle fibers more loosely arranged than in 
the media. Mallory’s phosphotungstic acid-hematoxylin (PTAH) stain. x 300. 


Fic. 8. A pad containing numerous elastic fibers. Verhoeff’s stain. X 300. 


Fic. 9. A larger pad than that shown in Figure 8. Numerous elastic fibers run longi- 
tudinally in the pad. Verhoeff’s stain. X 300. 


Fic. 10. A large pad with a palely staining elastic lamina. Newly formed laminas 
are seen at the edges of the pad (see arrows). Verhoeff’s stain. X 75. 
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11. A pale, lacy elastic lamina beneath the endothelium at the edge of a pad. 
The original elastic lamina is palely stained when seen in tangential section. 
Formalin pigment appears on the surface of the pad. Verhoeff’s stain. x 300. 


12. Two thick elastic laminas in a facial pad, 6-months-old infant. The suben- 
dothelial lamina is beaded, though near the arrow it is palely stained and lacy. 
The original (deeper) lamina is also degenerated. Verhoeff’s stain. X 150. 

13. The original elastic lamina is palely stained. A newly formed lamina in the 
middle of the pad is also pale and tends to divide the pad into two strata. Ver- 
hoeff’s stain. X 75. 

14. Apparent splitting of the internal elastic lamina in an apical pad. Note the 
thinness of the original elastic lamina and subendothelial lamina at edges of the 
pad. Verhoeff’s stain. X 300. 

15. An apical pad with gross degeneration of the internal elastic lamina, rem- 
nants of which separate the media from the intima. Verhoeff’s stain. X 300. 


16. An apical pad with two elastic laminas. Note the gap in the deeper lamina 
and the irregularity of the superficial one. Verhoeff’s stain. x 300. 


3 

. 

|| 


March, 1960 INTIMAL PROLIFERATION 301 


- 


~ 
N 
N 
4 
bese 
< 
: 


PATHOGENESIS OF EXPERIMENTAL NEPHROSIS 
ELECTRON MICROSCOPIC OBSERVATIONS 


James C. Harkin, ann Recant, M.D. 


From the Department of Pathology and the Nutrition Research Laboratory 
of the Department of Preventive Medicine, Washington University 
School of Medicine, St. Louis, Mo. 

A nephrotic syndrome can be induced in rats by the administration 
of an aminonucleoside, 6-cimethylamino purine, 3-amino-d-ribose. Dur- 
ing the early stages of the disorder, no detectable glomerular lesions are 
seen by light microscopy, although tubular alterations which parallel the 
progression of proteinuria, hypoalbuminemia, hyperlipemia and edema 
do occur. The microscopic changes resemble those of pure nephrosis in 
man.” Farquhar, Vernier, Good and Brunson ** illustrated glomerular 
epithelial lesions in the nephrotic syndrome of man by electron micro- 
scopy where none were seen by light microscopy. Among the limitations 
imposed by biopsy in a study of disease are an inability to procure such 
specimens at the earliest stages of a disorder when clinical manifestations 
are not yet evident, and an insufficient number of specimens obtained 
consecutively to provide a sequence illustrating the changing morpho- 


logic features of the condition. 

We feel that observations on the experimental model of aminonucleo- 
side-induced nephrosis may help elucidate the sequential structural and 
functional changes in this form of renal injury. 


METHODs 

Male Sprague-Dawley rats, weighing 120 gm., were caged individually 
in metabolic units. Water and a diet of Purina Rat Chow were provided 
ad libitum. Eight rats received daily subcutaneous injections of 
6-dimethylamino purine, 3-amino-d-ribose (supplied by the Lederle 
Laboratories), 0.3 ml. of a 0.5 per cent solution per 100 gm. of body 
weight. Tissues from these rats and from 4 untreated control animals 
were examined by electron microscopy. Experimental animals were sacri- 
ficed in pairs after 1, 5, 8, and 14 days of treatment. Twenty other rats 
received smaller daily doses, 0.3 ml. of a 0.25 per cent solution per 100 
gm. of body weight for 60 days. Ten animals served as untreated controls 
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for this group. One experimental and one control rat from the 60-day 
group were examined by electron microscopy. 

Animals were weighed daily. Daily urine specimens were collected for 
measurement of protein content. Total and fractional estimations of 
serum proteins, serum cholesterol, and nonprotein nitrogen were deter- 
mined by methods previously described 7 from blood collected at the time 
of decapitation. 

Tissue sections from all of the animals were examined by conventional 
light microscopic techniques. For this purpose, renal tissue was fixed in 
cobalt-formalin. Paraffin sections were stained with hematoxylin and 
eosin and by the periodic acid-Schiff (PAS) method. Frozen sections 
were stained with oil red O for lipid. For electron microscopy, fragments 
of kidney, 1 to 2 mm. in diameter, were selected from the cortex, corti- 
comedullary junction, and medulla and promptly immersed in Dalton’s 
I per cent osmic acid and bichromate solution buffered to pH 7.6. Tissues 
were fixed for 45 minutes to 1 hour at room temperature.* The methods 
of dehydration and embedding used were those previously described.° 
Polymerization was carried out at 60° C. Thin sections were cut with 
glass knives on a Servall Porter-Blum microtome, placed on collodion- 
covered copper grids, and examined, without removing the plastic, in an 
EMU-3B RCA electron microscope. 


RESULTS 
Normal Kidney 


The ultrastructure of adult mammalian kidney has been defined by 
a number of investigators.’°** In the glomerulus the thin endothelial 
cytoplasm is interrupted by numerous small spaces or pores. Between 
the plasma membrane of the endothelial cell and the limiting membrane 
of the glomerular epithelium lie 3 zones. The central zone is electron 
dense; although relatively distinct as an entity, this zone or membrane 
does not possess the distinct sharpness characteristic of plasma mem- 
branes or nuclear membranes. The electron-dense membrane varies 
somewhat in thickness; it has a granular character, and at times its gran- 
ules are arranged in linear manner, thereby suggesting cross sections of 
platelike structures. On either side of the electron-dense membrane are 
zones of low density. The term basement membrane as used in electron 
microscopy is limited to the electron-dense structure. Each glomerular 
epithelial cell is plicated over the basement membrane with a number 
of relatively uniform foot processes. The tip of each foot process is char- 
acterized by an area that is granular and electron dense. No cells other 
than those of the capillary endothelium and the visceral and parietal 
glomerular epithelium were observed in the glomerulus. 
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The ultrastructural characteristics of the tubular epithelium have not 
been the cause of as much controversy as have the features of the glomer- 
ulus.**.?**° Rhodin has recently summarized the features of the different 
tubular cells.2® Common to all of them is a complex infolding of the 
plasma membrane at the basilar part of the cell. This feature is most 
striking in the distal convoluted tubule. The proximal convoluted tubular 
epithelium has numerous projections of the apical part of the plasma 
membrane; these microvilli correspond to the brush border observed by 
light microscopy. 


Kidney in Aminonucleoside-treated Rats 


Appearance of the Kidney Prior to Proteinuria. With the electron 
microscope, normal glomerular epithelial foot processes were uniform in 
appearance. Only occasional processes were noted to be large or fused. 
After 24 hours of treatment with aminonucleoside, large and fused foot 
processes were seen in much larger numbers (Fig. 1). Four to 6 such 
abnormal processes were observed surrounding a capillary in cross sec- 
tion, whereas in the control animal enlarged processes of this nature were 
rarely encountered. Thus it seemed that this glomerular alteration was 
quantitative, in that the number of large processes was increased; it was 
not qualitative, in that the processes were similar to those seen occasion- 
ally in controls. 

By the fifth day of aminonucleoside treatment, prior to proteinuria, 
glomerular lesions were dramatic as viewed by electron microscopy, in 
striking contrast to the absence of alterations detectable by conventional 
microscopy. Progressive merging of fused foot processes into cytoplas- 
mic masses adjacent to the basement membrane constituted the principal 
change (Fig. 2). Not all foot processes were affected; approximately 
three fourths remained unfused. The main mass of the glomerular epi- 
thelial cytoplasm contained smooth-surfaced profiles outlining foci with 
approximately the same electron density as the remainder of the cyto- 
plasm (Fig. 3). In some glomerular epithelium there were collections of 
granular electron-dense material arranged in irregular lines; these were 
of approximately the same size as mitochondria but did not have outlin- 
ing membranes. In other epithelial cells there were increased numbers of 
membrane-lined vacuoles, some of which contained electron-dense struc- 
tures. 

Appearance of the Kidney Following the Development of Proteinuria. 
Specimens from rats that had received aminonucleoside for 8 days were 
characterized by rather dramatic electron microscopic changes in the 
glomeruli and tubules. This was in sharp contrast to the lack of demon- 
strable alteration in glomeruli and the equivocal lesions in the tubules as 
observed by conventional microscopy. 
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More of the glomerular foot processes were fused than at the fifth day 
stage. A prominent, granular, electron-dense zone was present within the 
glomerular epithelial cytoplasm, adjacent to the basement membrane, 
and there were cytoplasmic vacuoles. Within the epithelium, and free in 
Bowman’s space were discrete, electron-dense bodies measuring approxi- 
mately 1 » in diameter. There was evidence that these bodies corres- 
ponded to PAS-positive granules identified by light microscopy. No 
alterations in the endothelium or basement membrane of the glomerulus 
were identified. 

Electron-dense bodies, similar to those in the glomerulus, were found 
in the lumens of the proximal convoluted tubules and also in the cyto- 
plasm of some of the proximal tubular epithelial cells (Fig. 5). These 
were accompanied by numerous altered and distorted mitochondria in 
both locations. Cytoplasmic vacuoles were also present in the epithelium 
of the distal convoluted tubules, but they were smaller and less frequent 
than those in the proximal segment. 

Tubular lesions, as viewed by conventional means, became more prom- 
inent with continuing treatment, and during the second month glomer- 
ular alterations also became manifest. In the chronic phase of the 
disease, at 60 days, the glomeruli rather uniformly contained vacuolated 
epithelium in both the visceral and parietal layers, and there was forma- 
tion of adhesions and epithelial crescents. It was thought that there was 
a thickening of the glomerular basement membrane. 

Electron microscopy likewise demonstrated more advanced lesions 
(Figs. 6 to 9). These appeared principally in the visceral and parietal 
epithelium. In some areas the basement membrane was tortuous and 
irregular. Although on occasion the electron-dense zone appeared to be 
thickened, segments with this degree of thickness also were observed, 
though less frequently, in control animals at sites where the membrane 
was twisted or turned. 

Such focal knobs or thickenings were almost always directed toward 
the endothelial side (Fig. 6). In one instance (Fig. 8) a subendothelial 
deposit of granular material, almost certainly lipid, was found between 
the endothelium and the basement membrane. The glomerular epithe- 
lium was practically devoid of foot processes. Dense deposits of electron- 
dense substance were found beneath the plasma membrane, both on the 
surface adjacent to the basement membrane and also on the side facing 
Bowman’s space. Large cytoplasmic vacuoles were prominent. In some 
of the cells, accumulations of material arranged in irregular lamellas sug- 
gested the “myelin figures” ** ** identified in a variety of other tissues 
(Fig. 6). Parietal epithelium was also vacuolated, and there were adhe- 
sions between the visceral and parietal layers (Fig. 7). 
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All types of tubular epithelium were altered, even those in the collect- 
ing ducts. Occasional epithelial elements were considerably distorted 
whereas their neighbors were relatively undisturbed (Fig. 9). The tubu- 
lar lesions described at 8 days of treatment were more severe after 14 
days and had attained an advanced stage in the animals which had 
received aminonucleoside for 60 days. 


DISCUSSION 


The nephrotic syndrome in man presents challenging questions con- 
cerning its cause, the site of injury, and the correlation of structural with 
physiologic abnormalities. Hence, the investigation of an experimental 
renal disease which mimics a human disorder provides a rare and impor- 
tant opportunity. In this paper, electron microscopic examination of the 
renal lesions induced in rats by 6-dimethylamino purine, 3-amino-d- 
ribose have been described. Initially, the aminonucleoside produced a 
nephrotic syndrome characterized by proteinuria and hyperlipemia. 
With continuation of treatment, edema and hyperlipemia, having 
reached a maximum, diminished after 30 days although proteinuria per- 
sisted. The disease subsequently became chronic in character, resembling 
the “dry” phase of chronic glomerulonephritis.*? This clear-cut sequen- 
tial division of the syndrome into pre-proteinuric, early post-proteinuric, 
and chronic phases permitted the definition of the primary lesion in 
nephrosis by electron microscopy. The experimental observations as- 
sume considerable significance in view of the remarkable histologic simi- 
larities between aminonucleoside injury and nephrosis in man.* ® 

When kidney sections from aminonucleoside-treated rats were exam- 
ined by light microscopy, no glomerular lesions were identified in the 
early and reversible stages of injury. At this stage, swelling of tubular 
epithelium and intracellular lipid deposits in the proximal convoluted 
tubules were seen. These observations were identical to those described 
in “pure” or “lipoid” nephrosis in children.?” 

In the advanced stage the light microscopic features of the experimen- 
tal lesion were strikingly similar to those designated the Ellis type II 
glomerulonephritis.** The experimental lesions were characterized by 
involvement of all glomeruli, proliferation of glomerular epithelium, 
apparent thickening of the glomerular basement membrane, proliferation 
of glomerular parietal epithelium with the formation of crescents, dilata- 
tion of cast-filled renal tubules, and the intracytoplasmic deposition of 
lipid and “hyaline” droplets in the proximal convoluted tubules. A failure 
to demonstrate hyalinized glomeruli probably indicates that the experi- 
mental animals were not observed for a sufficient period of time. 

The investigations of Oliver,** Davies,*° and others ** have suggested 
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that protein commonly escapes the blood stream at the glomerulus and 
passes into the lumen of the tubules. This occurs despite a failure to 
detect any alteration in the glomerulus by light microscopy. Part of the 
protein is believed to be resorbed in the proximal convoluted tubule 
where it may be identified as intracellular PAS-positive granules or “hya- 
line” droplets. These were thought by earlier microscopists to represent 
degeneration of tubular cells. Apparently cytoplasmic enzymes of the 
tubular epithelium undergo a form of alteration or “exhaustion” when 
continually “insulted” by protein and other products.*’ Obviously, that 
part of the protein in the glomerular filtrate that is not resorbed is lost 
in the urine. 

Examination of the sequential changes in experimental nephrosis 
by electron microscopy indicates that the glomeruli are altered and leak 
protein although this is not demonstrable by conventional microscopy. 
The glomerular epithelial alteration was encountered not only at the time 
when proteinuria first occurred, but also during the period immediately 
preceding its development. These observations, along with those of other 
investigators, serve to redefine the morphologic parallel of the nephrotic 
syndrome in man and in the experimental animal; the entity is probably 
now better designated as a primary glomerulopathy.** 21: &-46 

In a review of the observations of others and our own, two features 
are manifest: (1) In both clinical and experimental states in which pro- 
teinuria occurs, ultrastructural alteration of the glomerular epithelial 
cell has been found consistently. (2) Many if not all of the tubular epi- 
thelial lesions found in a number of different types of renal damage are 
similar. The latter appears to be the case by electron microscopy as well 
as by enzyme studies, at least in some instances,*” and may well merely 
reflect accommodation to an abnormal glomerular filtrate. 


Glomerular Lesions and Proteinuria 


At the present stage of knowledge concerning ultrastructural patho- 
logic alterations, observations are limited and frequently isolated. Pro- 
teinuria in the absence of overt renal abnormality occurs in the newborn 
animal.*” ** At birth the glomerular epithelial foot processes are poorly 
formed, and there is a prominent subendothelial space. We have been 
unable as yet to correlate a functional change with the prominent sub- 
endothelial space, although this space is thought to be the site of deposi- 
tion of electron-dense material in lupus erythematosus and diabetic 
glomerulosclerosis in the adult.*: *” °° In the newborn, the basement 
membrane is not thickened, and we have been unable to identify any 
discontinuities in it. Kurtz °' examined the kidney of the human newborn 
by electron microscopy and also noted an absence of glomerular epithe- 
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lial foot processes. Since his specimens were obtained at necropsy and 
there was considerable autolysis, it might seem that delayed fixation had 
caused alteration of the processes. However, we have allowed pieces of 
renal tissue to be incubated at 37° C. for a period of one hour before 
fixation and have examined renal tissues removed at necropsy; the 
glomerular epithelial foot processes appear to be among the structures 
most resistant to change. 

In pure nephrosis and in familial nephrosis, * * ** fusion of the foot 
processes has been the only glomerular lesion reported. Similarly, in the 
experimental proteinuria produced by saccharated iron, the glomerular 
lesion appears to be confined to the epithelium.*? In these conditions 
there appears to be a specific correlation of structure and function. In the 
electron microscopic studies of chronic glomerulonephritis, lupus ery- 
thematosus, and diabetic glomerulosclerosis, alterations have been re- 
ported in all of the glomerular components; viz., endothelium, basement 
membrane, and epithelium. 

There has not yet been sufficient investigation of nephrotoxic nephri- 
tis, serum sickness, and acute glomerulonephritis to permit an appraisal 
of the various changes; it would appear, however, that these are similar, 
in that both glomerular endothelium and epithelium are altered, although 
the degree of change in the two cell types varies in the different dis- 
eases.°*°? On the other hand, it appears that in amyloidosis the primary 
alteration is characterized by thickening of the basement membranes, 
not only in the glomeruli but in other sites as well. 

Our own investigations ** *7 and those of others *® 41: 42: #5. 46, 52, 58 an. 
pear to indicate that fusion of glomerular epithelial foot processes and a 
loss of the spaces between them parallel the development of proteinuria. 
Conversely, when foot processes emerge from a solid cytoplasmic mass 
either in the course of normal maturation or during recovery from dis- 
ease, then proteinuria ceases. Such observations warrant a re-evaluation 
of the hypothesis that the spaces between the foot processes represent the 
sites for the passage of the glomerular filtrate. However, assumptions re- 
garding the passage of nonprotein substances into the glomerular filtrate 
cannot be made on the basis of the present data. It would appear likely 
that protein is able to pass through the basement membrane and enter the 
epithelial cytoplasm when the foot processes are fused. The protein then 
moves or is moved through the epithelium into the glomerular filtrate. 

In aminonucleoside nephrosis, when proteinuria existed for 3 days 
or more, it was possible to demonstrate round or oval electron-dense 
structures within the cytoplasm of the glomerular epithelium (Fig. 4). 
By acomparison with sections examined by light microscopy, it appeared 
that these structures corresponded to PAS-positive droplets. Similar 
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structures were identified in some of the partly formed glomeruli of 
the newborn mouse with proteinuria and also in rats (Fig. 10) with 
elevated serum albumin and proteinuria for several days following the 
intraperitoneal injection of dilute bovine albumin.” 

In aminonucleoside nephrosis, intracytoplasmic, electron-dense struc- 
tures that appeared to correlate with PAS-positive droplets also were 
found, after the onset of proteinuria, in the proximal segment of the 
convoluted tubule. Such structures could not be distinguished by electron 
microscopy from similar bodies seen in proximal convoluted tubules 
of rats with proteinuria associated with rabbit anti-rat kidney serum 
nephritis (Fig. 


Tubular Structural Alterations 


The electron microscopic observations of renal tubular damage have 
been fewer than those of glomerular changes. Since the tubules of the 
newborn are not completely developed, they constitute a special case. 
Thus it is not surprising that their appearance differs somewhat from 
that found in experimental nephrosis, although in both situations pro- 
teinuria occurs.*’ The tubular injury induced by sucrose is also unlike 
that caused by aminonucleoside.” In preliminary observations in the 
nephrotoxic nephritis of rats, we observed electron-dense bodies, swol- 
len mitochondria and distorted proximal convoluted tubular epithelium 
not unlike the lesion seen in the aminonucleoside nephrosis.* Fisher and 
Gruhn ** compared the tubular lesions in the latter with nephrotoxic 
nephritis by histochemical methods and concluded that the tubular lesion 
was similar in the two conditions and that it seemed to increase in 
severity with progression of proteinuria. 

Although we have not yet excluded the possibility of direct injury 
to the tubules in either aminonucleoside nephrosis or in nephrotoxic 
nephritis, we believe that the tubular damage is probably secondary to 
the abnormal glomerular filtrate. The chronologic sequence of the al- 
terations following aminonucleoside injury tends to support this con- 
cept; i.e., first, glomerular epithelial cell injury; second, proteinuria; 
third, prompt evolution of the tubular lesion. 

The exact site of action of aminonucleoside within the glomerular epi- 
thelium is still unknown. Since some of the abnormal organelles in these 
cells are similar in size and configuration to mitochondria but lack out- 
lining membranes, it is suggested that an enzyme associated with these 
mitochondria might be the site of action of the drug. 


SUMMARY 


Sequential electron microscopic observations of the kidneys were 
made in rats with the nephrotic syndrome induced by injections of an 
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aminonucleoside, 6-dimethylamino purine, 3-amino-d-ribose. The initial 
lesion, which developed prior to the occurrence of proteinuria, was char- 
acterized by alterations in glomerular epithelium, with fusion of foot 
processes, cytoplasmic vacuolation, and accumulations of granular 
electron-dense material. The latter was thought possibly to represent 
degenerating mitochondria. 

At 8 days, shortly after the onset of proteinuria, glomerular lesions 
were more advanced although glomerular alterations were not demon- 
strable by conventional microscopy at this stage. With continuing pro- 
teinuria, the tubular epithelium, especially in the proximal segment, 
exhibited cytoplasmic vacuolation, swelling of mitochondria, and the 
appearance of electron-dense bodies. In the chronic stage of nephrosis, 
the lesions were more advanced in both the glomerular and tubular 
epithelium. In contrast, only minor abnormalities of the glomerular 
endothelium and basement membrane developed. 

From the evidence it was tentatively concluded that the ultrastruc- 
tural parallel of proteinuria appeared to be fusion of glomerular epi- 
thelial foot processes. Many of the tubular lesions encountered in the 
nephrotic syndrome were thought to be secondary to resorption of an 
abnormal glomerular filtrate. The term “primary glomerulopathy” was 
proposed to characterize the nephrotic syndrome. 
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LEGENDS FOR FIGURES 


Fic. 1. Electron micrograph of a rat glomerulus after one day of treatment with 
aminonucleoside. This resembles the glomerulus of the untreated rat. Although 
the majority of the epithelial foot processes are uniform in appearance, the 3 
in the center of the illustration are slightly enlarged. After 24 hours of treat- 
ment, the number of enlarged foot processes is greater than in control animals. 
The glomerular epithelial nucleus is in the lower right corner. Approximately 
X 20,000. 


Fic. 2. A rat glomerulus 5 days after the inception of daily treatment with amino- 
nucleoside. The orientation of the structures is as in Figure 1. Several enlarged 
foot processes are seen. Within the glomerular epithelial cytoplasm are several 
mitochondria, measuring 0.5 to 1 cm. in diameter in the reproduction. In at least 
one of these an outlining membrane cannot be defined. X 25,000. 
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Fic. 3. A portion of a rat glomerulus; treatment with aminonucleoside for 5 days. 
Two smooth-surfaced profiles lie adjacent to each other within the epithelial 
cytoplasm. The electron-dense material is manifest at the tips of the foot proc- 
esses, both those of normal appearance and those that are fused. X 20,000. 
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4. Rat glomerulus; animal treated with aminonucleoside for 8 days. Pro- 
teinuria had been present for one day. No foot processes are present in this par- 
ticular illustration. There is, however, a continuous mass of epithelial cytoplasm 
abutting against the basement membrane. Several electron-dense structures are 
shown. It was thought that these corresponded to PAS-positive granules identi- 
fied by light microscopy. X 20,000. 


5. A cross section of the proximal convoluted tubule in a rat treated with 
aminonucleoside for 8 days. One of the electron-dense structures is labeled. These 
granules are thought to correspond to the PAS-positive granules identified by 
light microscopy. Mitochondria differ in size and structure from these granules. 
However, an internal lamellar structure can be seen in some of them. Many ir- 
regular bodies are present in the lumen. Some of these are thought to be altered 
mitochondria. X 9,000. 
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Fic. 6. Portion of a rat glomerulus; daily injections of aminonucleoside for 60 
days. In many areas the endothelium and basement membrane appear unaltered. 
The epithelium is vacuolated, and few mitochondria are identified. A slight dis- 
tortion of the basement membrane is labeled “knob.” An irregular lamellar 
structure similar to some types of “myelin figures” is labeled “figure.” 12,000. 
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7. Portion of the rat glomerulus and adjacent tubular epithelium; treated with 
aminonucleoside 60 days. Below a nucleus of the parietal glomerular epithelium 
is a laminated basement membrane that surrounds the glomerulus. At the bot- 
tom of the illustration is part of the tubular epithelial cell. Both the parietal 
and the adjacent visceral epithelium above it are vacuolated. By light microscopy 
the glomerulus was the seat of cellular proliferation, adhesions, and crescent 
formation. X 18,000. 


8. Portion of the wall of a glomerular capillary; rat treated 60 days with 
aminonucleoside. At the left the epithelial cell has no discrete foot processes. 
The basement membrane does not appear thickened. An endothelial cell projects 
into the capillary lumen and overlies numerous electron-dense structures, prob- 
ably lipid. These lie in the zone between the electron-dense basement membrane 
and the plasma membrane of the endothelial cell. x 18,000. 
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g. Two cells in the proximal convoluted tubule of a rat treated 60 days with 
aminonucleoside. The microvilli, Palade’s granules of the endoplasmic reticulum, 
and mitochondria in the cell to the left are more like those of control animals 
than are the distorted structures of the cell to the right and top of the photo- 
graph. A cytoplasmic lipid inclusion is labeled. 12,000. 
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10. Portion of a glomerulus in a rat with proteinuria; animal had received 
daily intraperitoneal injections of dilute bovine albumin. Some of the foot 
processes are apparently fused. Note particularly the electron-dense granules 
within the epithelial cytoplasm. Approximately X 14,000. 


11. Portion of a proximal convoluted tubular cell; rat with nephritis and 
proteinuria induced by injections of rabbit anti-rat-kidney serum. Within the 
cytoplasm are electron-dense structures that are not recognizable as mitochon- 
dria. These appear to correspond to PAS-positive droplets seen by light mi- 
croscopy. Note the similarity between this illustration and Figure 5. Approxi- 
mately X 18,000. 
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A COMPARATIVE CYTOCHEMICAL AND CYTOLOGIC STUDY 
OF VITAMIN D INDUCED NEPHROCALCINOSIS 


Dante G. Scarpetu, M.D.; Gites Tremstay, M.D.,* 
anv A. G. Everson Pearse, M.D. 


From the Departments of Pathology, The Ohio State University, Columbus, Ohio, 
and the Postgraduate Medical School of London, England 


The renal lesions produced by hypervitaminosis D were first described 
simultaneously by Kreitmair and Moll? and Pfannenstiel? in 1928. 
Since then these lesions have been studied both experimentally and 
clinically by numerous investigators.** However, little is known about 
their pathogenesis. In fact, such basic questions as whether cell damage 
precedes the deposition of calcium or is caused by it remain unanswered 
at present. The results of this investigation show that the intracellular 
deposition of calcium is preceded by cell damage, as evidenced by cyto- 
chemical and cytologic alterations. 


MATERIAL AND METHODS 


Fifty-four male albino rats, weighing between 160 and 190 gm., were 
divided into 3 groups of 18 animals each. In each group 9 animals were 
given 50,000 units each of vitamin De (Radiostol, British Drug Houses, 
Ltd.) daily by stomach tube. The remaining rats served as controls. An 
experimental and a control animal were sacrificed each day for 9 days. 
Groups 1 and 2 were used for cytochemical and cytologic investigations. 
The animals of group 3 were used in a second experiment to determine 
the morphologic stability of kidney mitochondria and the concentrations 
of calcium and citric acid in this tissue. 


Cytochemical and Tinctorial Techniques 


The kidneys were removed as rapidly as possible after death, mounted 
on metal chucks, and frozen within 20 seconds by dipping the base of 
the chuck in an acetone-solid COz mixture. Fresh frozen sections of 
kidney were cut at 4 and 8 » in a cryostat and mounted on cover slips. 
To demonstrate sites of diphosphopyridine nucleotide (DPN) diapho- 
rase, triphosphopyridine nucleotide (TPN) diaphorase, isocitric dehy- 
drogenase, alkaline phosphatase, and A type and B type indoxy] esterase 
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activities, the following methods were employed: DPN diaphorase and 
TPN diaphorase by chelation of cobalt by the formazan of 3,5-diphenyl- 
2-(4,5 dimethyl-thiazol-2-yl) tetrazolium bromide with reduced 
DPN and TPN as substrates,’° isocitric dehydrogenase by using 
Nitro-BT 
4’-biphenylene)-ditetrazolium chloride] 74 with DL isocitric acid lactone 
as substrate and oxidized DPN as coenzyme”™ (these reactions were 
carried out in media containing 7.5 per cent polyvinylpyrrolidone to pre- 
serve mitochondrial structure ‘*); alkaline phosphatase by the azo dye 
method described by Grogg and Pearse ** with the diazotate of 4-benzoyl 
amino-2 : 5-dimethyoxyaniline as the coupling salt, and indoxyl esterase 
by using o-acetyl-5-bromoindoxy] as substrate, according to the method 
of Holt and Withers.” Diethyl-p-nitrophenyl phosphate (E-600) was 
used to inhibit carboxylic acid B type esterases.’® Incubation at pH 5.0 
in the presence of E-600 showed sites of A type cathepsinlike esterase 
activity."* To demonstrate the presence of neutral fat, duplicate sec- 
tions were stained with oil red O. In addition, serial sections were fixed 
in Helly’s fluid and stained with Heidenhain’s iron hematoxylin for the 
demonstration of mitochondria. Duplicate paraffin sections were stained 
with hematoxylin and eosin in the conventional manner, the Hotchkiss 
periodic acid-Schiff (PAS) reaction for 1,2 glycol groups, using diastase 
and saliva controls, and the Millon and Sakaguchi reactions for tyrosine 
and arginine-containing proteins.’® 


Biochemical Techniques 


Alterations of mitochondrial structure were determined by the light- 
scattering technique of Cleland’® and Raaflaub.2” The kidney was 
stripped of its capsule, placed on ice and the corticomedullary area dis- 
sected free under a dissecting microscope. The tissue from these areas 
was diced and forced through a precooled perforated plate with 1 mm. 
holes. This was homogenized in a Potter-Elvehjem homogenizer in 
0.44 M sucrose containing o.or M disodium ethylenediamine tetra- 
acetate (EDTA). The resulting brei was centrifuged at 900 X g. The 
supernatant was then centrifuged at 7,000 X g, and the resulting mito- 
chondrial pellet suspended in 0.3 M sucrose buffered at pH 7.3 with tris 
(hydroxymethyl) amino-methane (tris). Changes in optical density 
at 520 mp were determined in a Beckman DU spectrophotometer at 
10-minute intervals at 20° C. The serum and kidney tissue concentra- 
tion of calcium was determined with a Beckman flame photometer ac- 
cording to the method described by Ballentine and Burford.2? The 
citric acid concentration was determined colorimetrically by the method 
of Natelson, Pincus and Lugovoy.” 


NEPHROCALCINOSIS 


RESULTS 
Results Obtained by Cytochemical and Tinctorial Methods 


DPN Diaphorase, TPN Diaphorase, and Isocitric Dehydrogenase. 
Sites of DPN diaphorase, TPN diaphorase and isocitric dehydrogenase 
activity in the epithelium of the proximal convoluted tubules of control 
rats were localized as fine cytoplasmic deposits of blue-black formazan 
(Fig. 1). Under oil immersion these were resolved as a series of discrete 
0.2 to 0.35 » cobalt-formazan deposits distributed in rod-shaped mito- 
chondria. Forty-eight hours after the administration of vitamin D, there 
was a decrease in the number of rod-shaped mitochondria (Fig. 2). 
In addition, the rate and intensity of the reaction were increased. The 
formazan deposits measured 0.3 to 0.6 », and some were localized at the 
periphery of swollen globose mitochondria which measured 2 to 5 p» 
in diameter (Fig. 3). On the third day the number of swollen mito- 
chondria was increased. On the fourth and fifth days the intensity of 
the reaction was decreased markedly, and rod-shaped mitochondria 
were absent (Fig. 4). This was most pronounced in the case of isocitric 
dehydrogenase. From the sixth through the ninth days the reaction was 
weak and diffuse, and fine intracellular localization of enzyme activity 
was no longer possible. 

Alkaline Phosphatase. Strong activity was observed in the proximal 
and distal segments of the proximal convoluted tubules (Fig. 5). The 
reaction was strongest in the brush border, with a weaker, diffuse re- 
action in the remaining cytoplasm. No activity was seen in the tubules 
located in the medulla. After 5 days of vitamin D administration, a 
weaker reaction was noted. On the seventh day a very weak to negative 
reaction was observed around calcium deposits (Fig. 6). After 9 days 
of treatment, enzyme activity remained essentially unchanged, although 
the epithelium of dilated tubules frequently exhibited little or no ac- 
tivity. In no instance was a high alkaline phosphatase activity observed 
around calcific deposits. 

Indoxyl Esterase. Nonspecific esterase activity was strongest in the 
proximal convoluted tubules (Fig. 7). The descending and ascending 
limbs of Henle’s loop exhibited a weak activity, while the papilla con- 
tained only an occasional focus of weak activity. The enzyme was dis- 
tributed diffusely throughout the tubular epithelial cytoplasm. On the 
fifth day of vitamin D administration, an increase in enzyme activity 
was seen in the proximal convoluted tubules and in the descending and 
ascending limbs. An occasional tubule exhibited an intense reaction 
which was localized both in the lining epithelium and in desquamated 
cells (Fig. 8). In many instances, intensely active amorphous material 
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corresponding to calcific casts was seen in the lumens of collecting ducts. 
Enzyme activity in the flattened epithelium lining dilated tubules was 
markedly decreased. 

Treatment of renal sections with E-600 caused a striking inhibition 
of indoxy] esterase activity both in normal animals and in those receiv- 
ing vitamin D. The proximal convoluted and distal tubules, the col- 
lecting ducts, and interstitial stromal cells of the cortex exhibited sites 
of resistant esterase activity. Following vitamin treatment, the activity 
of all these elements was increased. Desquamated cells showed the most 
intense E-600-resistant, cathepsinlike esterase activity. 

Oil Red O. Neutral fat was demonstrable only in the renal papillas 
in normal rats. In one instance, positively stained droplets were ob- 
served in focal areas in the inner and middle zones of the cortex. Sub- 
sequent histologic examination showed these to represent sites of pyelo- 
nephritis. After 2 to 3 days of vitamin administration, oil red O-positive 
droplets, 2 to 5 » in diameter, were observed in the proximal convoluted 
tubules; the formazan deposits were located at the periphery of the 
droplets (Fig. 9). From the fourth through the ninth days these drop- 
lets increased in size, often measuring 5 to 11 », and were found in 
larger numbers in most of the tubules. 

Mitochondrial Staining. Mitochondria in the renal tubules of normal 
controls appeared as rodlets of varying lengths. They were most often 
oriented at right angles to the lumens (Fig. 10). Forty-eight to 96 hours 
after vitamin D administration, a diminution of rod-shaped mitochon- 
dria and the appearance of numerous spherical, swollen ones (1.5 to 2.7 
» in diameter) were noted (Fig. 11). Absolute counts of the number of 
damaged organelles per cell were not done. During the early stages of 
vitamin D treatment, these changes were present in small groups of 
proximal convoluted tubules, especially those in the inner cortex near 
the corticomedullary border. However, as treatment continued, more 
tubules were affected, including those in the middle and outer cortex. 

Periodic Acid-Schiff Reaction (PAS). The proximal convoluted 
tubules were the most strongly PAS-positive structures observed in the 
normal kidney. The brush border exhibited an intense, diffuse staining, 
while the remaining cytoplasm contained moderate numbers of PAS- 
positive, diastase-resistant granules measuring 1 to 2 » in diameter. 
After 4 days of vitamin D administration, staining of the brush border 
was reduced, and the PAS-positive cytoplasmic granules coalesced into 
3 to 5 » globules and rodlets. In many instances these appeared to be 
more numerous at the apical portion of the epithelium near the brush 
border. Many PAS-positive granules and globules were also noted in the 
lumens of these tubules (Fig. 12). From the fifth through the ninth days, 
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increasing numbers of cells in the descending and ascending limbs of 
Henle’s loop exhibited an intense, diffuse, amorphous, nongranular, PAS- 
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TExtT-FIGURE 1. A comparison of spontaneous swelling of mitochondria in normal con- 
trol rats and vitamin D-treated rats. 


positive cytoplasmic staining. In many instances an intense staining was 
observed in the adjacent basement membrane and stroma (Fig. 13). 
Many dilated tubules showed weakly stained brush borders and con- 
tained strongly PAS-positive, homogeneous casts (Fig. 14). Calcific 
deposits and the tissue adjacent to them were also intensely PAS-positive 
(Fig. 15). 

Millon and Sakaguchi Reactions. Cytoplasmic granules in the proxi- 
mal convoluted tubules in vitamin D-treated animals showed positive 
reactions for tyrosine and arginine-containing proteins. They were iden- 
tical in size, shape, and intracellular location to the PAS-positive gran- 
ules. Homogeneous casts in the lumens of the proximal convolutions 
on the fifth day also exhibited positive reactions. 
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Results Obtained by Biochemical Techniques 


Mitochondrial Swelling. In Text-figure 1 are shown comparisons of 
the rates of spontaneous and vitamin D-induced swelling of mitochon- 


TABLE I 


SERUM AND KIDNEY CALCIUM CONCENTRATION 
IN CONTROL AND VITAMIN D-TREATED RATS 


Kidney calcium, 
Days of Serum calcium, mg. per 100 gm. 
Animals* treatment mg. per 100 ml. of dry weight 
Control ° 9.8-12.3 36-52 
Treated 3 10.5-16 80-300 
6 13.5-20 1400-3120 
9 12.2-22 1440-3960 


* Each group consisted of 9 animals. 


dria, The rate was considerably greater in mitochondria isolated from 
vitamin D-treated rats. 

Serum and Kidney Calcium. Serum calcium levels in control animals 
ranged from 9.8 to 12.3 mg. per roo ml. After 3 days of vitamin D 
treatment, serum levels ranged from 10.5 to 16 mg., on the sixth day 
from 11.5 to 20 mg., and on the ninth day from 11.2 to 22 mg. per 100 
ml. Kidney calcium levels in normal controls ranged from 36 to 52 mg. 
per 100 gm. of dry, fat-free tissue. After 3 days of vitamin D treatment, 
kidney calcium levels ranged from 80 to 300 mg., on the sixth day from 
1,400 tO 3,120 mg., and on the ninth day from 1,440 to 3,960 mg. per 
100 gm. These results are summarized in Table I. 

Kidney Citrate. The concentration of citrate in control rat kidneys 
ranged from 2 to 4 wg. per mg. of protein nitrogen. After 3 days of 
vitamin D treatment, the range increased from 12.5 to 20 wg. On the 
sixth day of treatment, the highest values were observed; these ranged 
from 33 to 52 wg. By the ninth day the citrate levels had fallen; they 
ranged from 8 to 29 ug. The observations are summarized in Text-figure 2. 


Cytopathologic Changes 


Cytologic alterations in the tubular epithelium first became evident 
after 4 days of vitamin D administration. The lesion consisted of hy- 
dropic degeneration (Fig. 16) which was limited for the most part to 
the proximal convolutions. The distribution was patchy, involving groups 
of tubular cells at the corticomedullary junction and outer medulla. 
An occasional ascending limb of Henle’s loop contained a finely granular 
basophilic substance in its lumen. On the fifth day numerous proximal 
convoluted tubules and both limbs of Henle’s loop contained homo- 
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geneous eosinophilic casts with entrapped leukocytes and cellular detri- 
tus (Fig. 17). Some of the tubular cells showed an intense cytoplasmic 
basophilia, pyknotic nuclei, and contained a finely granular basophilic 
material (Fig. 18). In addition, several tubules contained amorphous, 
deeply basophilic, intracellular and intraluminal deposits, necrosis of 
tubular epithelium, and an occasional epithelial cell in mitosis. The base- 
ment membrane was extensively thickened and basophilic. 

On the sixth and seventh days an increased number of tubules ex- 
hibited similar cytologic changes. The basement membranes of the proxi- 
mal convolutions and Henle’s loop showed even greater thickening and 
basophilia. In several instances large deposits of basophilic hyaline ma- 
terial were present between the basement membrane and the epithelial 
cells, displacing the latter into the lumen (Fig. 19); this was also seen 
in the calyces. 

No new cytologic alterations were observed in the last two days of 
the experiment, although there was an increase in the number of affected 
tubules. Many tubules were dilated and exhibited atrophy of their lin- 
ing cells (Fig. 20). The epithelium was flattened and contained a hyaline, 
eosinophilic cytoplasm. Some cells had desquamated into the lumen. A 


EFFECT OF VITAMIN D ON CITRATE CONCENTRATION 
OF KIDNEY TISSUE 
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TEXT-FIGURE 2. The effect of vitamin D on the citrate concentration of rat kidney 
tissue. 


mild inflammatory reaction consisting wholly of histiocytes was seen 
around large calcific deposits. In no instance were cytologic changes ob- 
served in blood vessels or glomeruli. 
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DISCUSSION 


The pathogenesis of metastatic calcification has remained obscure 
since Virchow’s classic description ** of the lesions in 1854. The inability 
of many investigators to demonstrate definite evidence of cellular damage 
prior to the deposition of calcium salts has been largely responsible for 
the firmly rooted concept that metastatic calcification occurs in essen- 
tially normal tissues.> The present study has clearly shown that exten- 
sive morphologic and cytochemical damage at the mitochondrial level 
precedes calcification by a considerable period of time. This corroborates 
previous reports which have shown that mitochondria were among the 
most sensitive indicators of cell function and damage.?*** 

The striking resemblance of the renal lesions produced by hypervita- 
minosis D and hyperparathyroidism led Anderson ”® to suggest that the 
renal lesions were the result of hypercalcemia, the only factor which 
was common to both conditions. The deleterious effects of calcium ions 
on mitochondrial structure and function have been demonstrated by 
various investigators.** ** However, hypercalcemia may not be the only 
mechanism by which large doses of vitamin D exert a toxic effect on 
kidney epithelium. Recently de Luca, Reiser and Steenbock *? showed 
that vitamin D added to a suspension of renal mitochondria was capable 
of inhibiting their metabolism. 

It is now generally agreed that certain oxidative enzymes are as- 
sociated exclusively with the mitochondria.*** In addition, biochemical 
data indicate that the mitochondria probably represent a link between 
the energy-producing system of the cell and the conversion of energy 
to forms capable of driving the various synthetic and functional activi- 
ties of the cell.** *” Thus, injury at this level would be expected to re- 
sult in a serious disturbance of these processes. 

The marked reduction of DPN and TPN diaphorase activity indi- 
cates that the activities of all the coenzyme I and II linked dehydro- 
genases are impaired early in vitamin D-induced nephrocalcinosis. The 
decrease in enzyme activity and the diffusion of DPN-linked isocitric 
dehydrogenase from swollen mitochondria are no doubt responsible for 
the accumulation of citrate observed in renal tissue. This is in keeping 
with current views that the adverse alterations in biochemical function 
accompanying mitochondrial damage are due to the loss of soluble en- 
zymes, coenzymes and cofactors by passage across altered mitochon- 
drial membranes.** *° This initial change in cell metabolism precedes 
any microscopically visible alteration in the tubular epithelium and 
may represent a “biochemical lesion” as described by Gravilescu and 
Peters.*° Inasmuch as citrate turnover is highest in the kidney,’ ac- 
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cumulation of this metabolite may not be a specific vitamin D effect but 
simply the result of damage to renal epithelium. 

Since citrate forms a soluble, non-ionized complex with calcium, the 
high citrate levels in kidney tissue probably influence the deposition of 
calcium to a considerable degree. Although high concentrations of citrate 
inhibit the calcification of rachitic rat bone slices in vitro, Kuyper * 
showed that small amounts of citrate in solution are completely co- 
precipitated with calcium phosphate and carbonate upon the addition of 
these ions. Therefore, Hass’s view ** that diffusible, non-ionized, organic 
calcium compounds secondarily attract phosphate ions and result in 
metastatic calcification may be correct. 

The hydropic changes in tubular epithelium which became evident two 
days after the onset of mitochondrial swelling and reduced diaphorase 
activity suggest a relation between the content of intracellular water and 
mitochondrial integrity. This is in accord with the observations of Mac- 
farlane and Spencer *° and Bartley, Davies and Krebs ** that the active 
transport of water and electrolytes in cells is a function of the mitochon- 
dria. Tissue changes similar to hydropic degeneration were observed by 
Robinson ** in kidney slices in which respiration was inhibited by cyanide 
or uncoupled by 2,4 dinitrophenol. Thus the water and electrolyte bal- 
ance of tissues depends upon their metabolism in addition to the osmotic 
pressure of extracellular fluid. 

The simultaneous appearance of intracellular neutral fat droplets and 
the disappearance of enzymatically active mitochondria suggest a rela- 
tionship between the two. Although this has been suggested by histolo- 
gists for some time, confirmatory evidence had only recently been 
obtained. Christie and Judah ** have reported that 36 hours after carbon 
tetrachloride administration, numerous neutral, fat-positive globules 
were isolated from the mitochondrial fraction of rat liver. These exhib- 
ited succinoxidase activity and contained ribonucleic acid, two character- 
istics of mitochondria. According to Dixon,** the appearance of visible 
fat droplets may be due to the conversion of invisible micellar complex 
mitochondrial lipid following cell injury. However, this problem is by no 
means settled, as evidenced by the recent report of Recknagel and An- 
thony °° that lipid accumulation may appear considerably earlier than 
mitochondrial degeneration. They suggest that the two processes may 
occur independently of each other. 

During the early stages of swelling, many mitochondria resemble the 
so-called “target forms” described by Harman and Feigelson."! The 
eccentric peripheral localization of enzyme activity in the globose organ- 
elles is similar to the grouping and displacement of cristae observed with 
the electron microscope in swollen mitochondria by Hogeboom, Kuff and 
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Schneider. However, their identity remains to be established with 
certainty. 

Shortly after the onset of mitochondrial swelling, the PAS-positive, 
diastase-resistant granules in the cytoplasm of the proximal convoluted 
tubule cells increased in number and size. As damage progressed to the 
point of reduced enzyme activity, the number of granules increased, fill- 
ing the cytoplasm and in some instances the tubule lumens. Although 
their origin is at present unknown, these PAS-positive protein granules 
may represent mucoprotein mobilized from the ground substance of bone 
by massive doses of vitamin D, as postulated by Eisenstein and Groff."* 
In addition, since the resorption of protein by the cells of the proximal 
convoluted tubules appears to be intimately associated with mitochon- 
dria,®*-*? and probably depends on their function, the droplets may also 
be the result of impaired protein resorption by the damaged organelles. 
The high intracellular concentration of mucoprotein in the various com- 
ponents of the nephron may determine in part the deposition of calcium 
in these sites. The affinity of various components of the ground substance 
for calcium has been shown repeatedly.5**! 

Although the role of alkaline phosphatase in normal calcification has 
been defined, its relation to pathologic calcification is by no means 
settled.** Gomori ® found that calcification in bone tumors and granu- 
lation tissue was always associated with alkaline phosphatase activity; 
however, he was not able to show such an association in calcification of 
the aorta. Our results indicate that calcification can occur at sites devoid 
of alkaline phosphatase activity. This is in agreement with Waldman “ 
and McLean’s ® observations that calcification can occur in cartilage in 
which enzyme activity has been inhibited either by heat or heavy metal 
treatment. 

Increased activity of nonspecific esterase and cathepsin was found in 
the proximal convoluted tubules shortly after the onset of hydropic de- 
generation. The highest activity was localized in desquamated epithelium 
and in amorphous necrotic material in tubular casts. These changes rep- 
resent the augmented activity of proteolytic enzyme systems characteris- 
tic of cell death. 

The nephropathy induced by hypervitaminosis D is characterized by 
a sequence of cytochemical and morphologic changes which eventuate in 
tubular necrosis and calcium deposition. Our results suggest the follow- 
ing mode of pathogenesis: Large doses of vitamin D result in a mobiliza- 
tion of both calcium and mucoprotein from the ground substance of bone. 
The hypercalcemia causes cell injury at the mitochondrial level and is 
identical with cellular sites of calcification seen in the later stages of this 
lesion. Mitochondrial swelling results in a loss of isocitric dehydrogenase 


activity due to diffusion of the enzyme, which in turn causes an accumu- 
lation of citrate in the renal epithelium. The damaged cells of the proxi- 
mal convolutions are unable to resorb proteins, and these substances 
accumulate in the kidney cells and eventually in the tubule lumens. The 
affinity of mucoproteins for calcium ions coupled with the increased tis- 
sue concentration of citrate capable of complexing calcium may provide 
a mechanism by which phosphate and carbonate ions are secondarily 
attracted to form calcific deposits. 
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LEGENDS FOR FIGURES 


Fic. 1. Normal rat kidney. Sites of DPN diaphorase activity appear in the proxi- 
mal convoluted tubules. DPN diaphorase reaction. X 650. 

Fic. 2. Rat sacrificed after 2 days of vitamin D treatment. There is variation in 
DPN diaphorase activity. Swollen mitochondria are present in the tubule in 
center of the photograph. Rod-shaped mitochondria are manifest in the sur- 
rounding tubules. DPN diaphorase reaction. X 650. 

Fic. 3. A higher magnification of the damaged tubule shown in Figure 2. Formazan 
deposits are localized at the periphery of swollen mitochondria. DPN diaphorase 
reaction. X 1450. 

Fic. 4. Rat sacrificed after 4 days of vitamin D treatment. There are numerous 
swollen mitochondria and a complete absence of rod-shaped mitochondria. The 
diffuse nature of the reaction is probably due to enzyme diffusion from damaged 
organelles. Isocitric dehydrogenase reaction. X 650. 
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Fic. 5. Normal rat kidney. Alkaline phosphatase activity in the proximal con- 


voluted tubules is localized in the brush border. Alkaline phosphatase reaction. 
X 650. 


;. 6. Rat sacrificed after 7 days of vitamin D treatment. A very weak alkaline 
phosphatase activity is present around an intratubular calcific deposit. Alkaline 
phosphatase reaction. X 650. 


. 7. Normal rat kidney. Indoxyl esterase activity appears in the proximal con- 
voluted tubules. Indoxyl esterase reaction. X 650. 


;. 8. Rat sacrificed after 5 days of vitamin D treatment. Note the intense reac- 
tion in the desquamated cells and debris in the tubule lumens. Indoxyl esterase 
reaction. X 750. 
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g. Rat sacrificed after 3 days of vitamin D treatment. The swollen mito- 
chondria exhibit an intense oil red O staining. DPN diaphorase reaction and oil 
red O stain. X 750. 


10. Normal rat kidney. Numerous rod-shaped mitochondria are oriented at 
right angles to the tubule lumens. Heidenhain’s iron hematoxylin stain. X 600. 


11. Rat sacrificed after 3 days of vitamin D treatment. There are swollen 
spherical mitochondria and a few remaining rod-shaped forms. Heidenhain’s 
iron hematoxylin stain. X 650. 


12. Rat sacrificed after 4 days of vitamin D treatment. Epithelium of the 
proximal convoluted tubules contains large numbers of PAS-positive granules 
which fill the cells and tubule lumens. Periodic acid-Schiff (PAS) reaction. 
X 650. 
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13. Rat sacrificed after 5 days of vitamin D treatment. An intense PAS re- 
action is present in the basement membrane and adjacent stroma of a dilated 
proximal convoluted tubule. PAS reaction. X 300. 


14. Rat sacrificed after 6 days of vitamin D treatment. Intensely PAS-positive 
protein casts appear within the renal tubules. PAS reaction. < 260. 


15. Rat sacrificed after 7 days of vitamin treatment. Small, spherical, calcific 
deposits and the basement membrane are PAS-positive. PAS reaction. X 350. 


16. Rat sacrificed after 4 days of vitamin D treatment. A group of proximal 
convoluted tubular cells exhibit hydropic degeneration. Hematoxylin and eosin 
stain. X 600. 

The sections illustrated in Figures 17 to 20 were stained with hematoxylin and 
eosin, 
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17. Rat sacrificed after 5 days of vitamin D treatment. A protein cellular 
cast is manifest in the descending limb of Henle’s loop. X 650. 


18. Rat sacrificed after 5 days of vitamin D treatment. Tubular epithelium 
exhibits intense cytoplasmic basophilia and focal necrosis. X 400. 


19. Rat sacrificed after 6 days of vitamin D treatment. There are degeneration 
and calcification of the basement membrane with displacement of the tubular 
epithelium into the lumen. X 400. 

20. Rat sacrificed after 8 days of vitamin D treatment. Many dilated tubules 
with pressure atrophy of the tubular epithelium are evident. Note the numerous 
protein casts. X 150. 
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RESIDUAL PIGMENT ASSOCIATED WITH INTRAVENOUS 
FAT ALIMENTATION 


SamueEL W. THompson II, D.V.M., M.S.*; Mary A. Fox, A.B., MT.; 
L. Forses, M.D.,7 anp Rosert W. THomassEn, B.S., D.V.M.t 


From the Pathology Branch, Research Support Division, and the 
Intravenous Alimentation Branch, Physiology Division, United 
States Army Medical Research and Nutrition Laboratory, 
Fitzsimons Army Hospital, Denver, Colo. 

In 1957, Meyer, Fancher, Schurr and Webster * reported the observa- 
tion of a brown pigment in the reticuloendothelial system of dogs and 
human beings receiving multiple infusions of an intravenous fat emul- 
sion. In 1958, Thompson, Johnson and Forbes? described the staining 
characteristics of a pigment-lipoid complex which they designated 
“intravenous (i.v.) fat pigment.” This pigment was deposited in the 
reticuloendothelial cells of the spleen and the Kupffer cells of the liver 
after multiple intravenous infusions of the fat emulsion. Recently, 
Thompson, Fox, Harrison and Forbes * reported the influence of fixatives, 
solvents and bleaches on the same pigment. They were able to demon- 
strate that i.v. fat pigment was an entity and not an artifact incident to 
methods of tissue processing and fixation. 

The original investigators cited above dealt with the occurrence and 
the chemical and physical nature of i.v. fat pigment. The long-term 
effects of the presence of this pigment in the body have not been reported. 
To determine the fate and possible pathologic significance of the pigment, 
multiple infusions of the fat emulsion were administered to 25 adult 
albino rabbits. At periodic intervals subsequent to the last day of infu- 
sion, groups of animals were sacrificed and their tissues examined for 
histologic alterations. Since our previous experience had been chiefly 
with rabbits, this was the animal of our choice. 


MATERIAL AND METHODS 


Selected tissues were obtained at necropsy from the 25 rabbits. The 
intravenously administered fat emulsion was composed of a sterile 
aqueous preparation containing 15 gm. of cottonseed oil, 4 gm. of glucose, 
1.2 gm. of soybean phosphatide, and 0.3 gm. of Pluronic F-68 (a poly- 
oxyethylene-propylene polymer manufactured by Wyandotte Chemicals 
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Corporation, Wyandotte, Michigan) per 100 ml. The emulsion (15 ml. 
per kg. of body weight) was administered daily for 28 days. Rabbits were 
sacrificed at 1 and 25 days, and at 3, 6, 12 and 18 months after the last 
day of infusion. There were no spontaneous deaths and no evident clini- 
cal illnesses. The livers and spleens from the animals killed up to and 
including 6 months after infusion were harvested and fixed in 10 per cent 
formalin. The livers, spleens, mesenteric lymph nodes and femoral bone 
marrow were obtained from the animals sacrificed 6 months after infu- 
sion. Replicate tissue blocks from each location were fixed in 10 per cent 
neutral buffered formalin and in absolute alcohol. 

In addition to the experimental animals, a control group of 10 rabbits 
of similar age was also examined. Each of these rabbits received daily 
intravenous infusions of a solution containing 5 per cent dextrose in 
water for 28 days; again, the dose was 15 ml. per kg. of body weight. 
Necropsies were performed on these animals 1, 25 and 62 days, and 
3 and 8 months after the last day of infusion. Here, too, there were no 
spontaneous deaths and no evident clinical illnesses. Blocks of liver and 
spleen were procured from all animals and fixed in ro per cent neutral 
buffered formalin and in absolute alcohol. 

Replicate sections, 6 to 8 » in thickness were prepared from paraffin- 
embedded tissues in all 35 rabbits. Sections from each specimen in the 
test animals were subjected to the same physical and histochemical tests 
originally used in the characterization of the i.v. fat pigment. These in- 
cluded fluorescent microscopy with the use of exciting light in the wave 
length range of 360 to 400 mz.° In the control rabbits, sections were 
stained with Harris’ hematoxylin and aqueous eosin,* and for iron by 
Gomori’s method. 


RESULTS 


In the Kupffer cells of the liver and in reticuloendothelial cells of the 
spleen of all rabbits killed one day after infusion, there were deposits of 
a brown granular pigment, surrounded by lipoid substances. This pig- 
ment-lipoid complex exhibited reactions to staining techniques and to 
histochemical and physical tests which were characteristic of the i.v. fat 
pigment.” * 

In the spleens of all test rabbits sacrificed 25 days after the last infu- 
sion, numerous reticuloendothelial cells were heavily laden with the com- 
plex identifiable as i.v. fat pigment (Fig. 1). In the Kupffer cells of the 
livers of these rabbits, variable quantities of a similar substance were 
observed. In addition, focal accumulations of lymphocytes and mono- 
cytes were encountered within sinusoids and portal areas. In all but one 
of the rabbits, circumscribed collections of macrophages were observed 


March, 1960 INTRAVENOUS FAT PIGMENT 357 


in sinusoids, most frequently in the zones adjacent to portal areas. These 
cells were invariably heavily laden with i.v. fat pigment, and in some 
instances they appeared to have fused to form giant cells of the Langhans 
type (Fig. 2). 

In the rabbits sacrificed 3 months after the last infusion, considerable 
quantities of i.v. fat pigment were observed in the cytoplasm of many 
reticuloendothelial cells of the spleen. The pigment was not as diffusely 
distributed as in the groups of animals sacrificed earlier (Fig. 3), and 
there was a definite tendency toward clumping of the macrophages, 
thereby concentrating the pigment in focal areas of the pulp. In sections 
stained with osmium tetroxide, the pigment granules frequently stained 
more darkly than in the animals sacrificed at the termination of the infu- 
sion period. In sections stained by the acid-fast technique, the pigment 
and associated lipoid substances stained an intense violet rather than 
faint red. The complex was partially extracted on 24-hour exposure to 
hot methanol chloroform. This reaction differed decidedly from that 
experienced in the animals sacrificed 1 and 25 days after infusion. When 
treated with anhydrous pyridine (acetylation) and subsequently stained 
by the periodic acid-Schiff (PAS) method, considerable portions of the 
pigment-lipoid complex remained in the tissues as amorphous smudges 
of golden-brown, PAS-negative substance, whereas in rabbits killed 1 and 
25 days after infusion, this material was completely extracted by similar 
procedures. On deacetylation and subsequent PAS staining, this sub- 
stance regained a faint PAS positivity. Hemosiderin was plentiful in each 
spleen examined, and was frequently mixed with the i.v. fat pigment. 

Most of the Kupffer cells in rabbits sacrificed 3 months after infusion 
contained no i.v. fat pigment. However, those Kupffer cells which did 
contain it were heavily laden. Circumscribed collections of macrophages, 
some forming giant cells of the Langhans type, were observed in the 
sinusoids adjacent to the portal tracts in every liver (Fig. 4). The pig- 
ment-lipoid complex in Kupffer cells, macrophages, and giant cells exhib- 
ited identical staining reactions. Hemosiderin was not observed in these 
cells. The staining characteristics of the complex were similar to those 
observed in the spleen, with the exception that there were more intense 
reactions to PAS and phosphomolybdic acid (PMA), and more pro- 
nounced acid-fast staining. The focal lymphocytic infiltration observed 
25 days after infusion was not encountered at 3 monihs. 

At 6 months, i.v. fat pigment was present regularly in the cytoplasm of 
aggregates of reticuloendothelial cells in the spleen. The pigment was 
similar in appearance, sites of deposition, and histochemical characteris- 
tics to that observed at 3 months (Fig. 5). In the livers of these animals, 
there was no i.v. fat pigment demonstrable in most of the Kupffer cells. 
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Some of these cells did contain considerable quantities of hemosiderin, 
however. In all of the livers, many clumps of macrophages and giant cells 
appeared in the sinusoids adjacent to portal tracts (Fig. 6). These were 
laden with the lipoid substance which was occasionally mixed with hemo- 
siderin. The pigment-lipoid complex had histochemical characteristics 
similar to those encountered at 3 months. 

In the spleens of rabbits sacrificed 12 and 18 months after the last in- 
fusion of fat emulsion, large quantities of hemosiderin were observed, but 
there was noi.v. fat pigment. In the livers the pigment was present in only 
a few Kupffer cells; however, many heavily laden macrophages and giant 
cells were observed in the sinusoids adjacent to portal tracts (Figs. 7 and 
8). The granular portion of the pigment complex was very dark brown in 
color, and fewer of the particles were birefringent than in the cases exam- 
ined earlier. Considerable quantities of hemosiderin were also mixed with 
the i.v. fat pigment in almost every cell in which the latter was observed. 
It was also evident that although the pigment was present in tissues fixed 
in both 1o per cent neutral buffered formalin and absolute alcohol, less 
of it was manifest in the alcohol-fixed sections. 

The fat pigment was present in the cytoplasm of reticuloendothelial 
cells of the femoral bone marrow in the animals sacrificed 12 and 18 
months after infusion (Fig. 9). A brown, smudgy substance was also 
observed in phagocytic elements in the mesenteric lymph nodes, appear- 
ing in clumps of cells in the cell-poor parenchyma. It was less granular 
than that observed in the liver or bone marrow, contained fewer bire- 
fringent particles, but was otherwise similar to the pigment-lipoid com- 
plex seen in the other tissues (Fig. 10). 

Variable quantities of iron-positive pigment, considered to be hemo- 
siderin, were present in the spleen, liver and mesenteric lymph nodes of 
the control animals. Neither i.v. fat pigment nor other significant lesions 
were observed in any of these rabbits. 


DISCUSSION 


It is evident that the deposition of the pigment-lipoid complex in 
tissues of animals receiving intravenous infusions of a cottonseed fat 
emulsion was related to the emulsion, since a similar substance was not 
found in any of the control animals. The presence of the complex in the 
tissues of animals sacrificed 18 months after infusion would indicate that 
the substance was not readily eliminated from the body. 

The disappearance of the complex from the spleen at some time be- 
tween the sixth and twelfth month after infusion is of interest, since the 
quantity present in the mesenteric lymph nodes increased during this 
period. In some of our previous studies, negligible quantities of pigment 
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were observed in the mesenteric lymph nodes of animals sacrificed soon 
after termination of the infusions. In contrast, heavy depositions were 
noted in the spleen at such times. This would appear to indicate that the 
complex, as seen in the spleen, was being handled much as one might ex- 
pect, by transport to the regional lymph nodes. 

The formation of pigment-laden giant cells in the liver as early as 25 
days after infusion is noteworthy. The persistence of the giant cells over 
a period of 18 months, with no other associated inflammatory reaction, 
is difficult to explain. However, it is felt that the phenomenon represents 
a host response to a foreign substance. The pigment-lipoid complex in the 
bone marrow was essentially unaltered during the period of the experi- 
ment. Its histochemical characteristics 18 months after infusion were 
identical to those observed at one day. 

The changes noted in the histochemical characteristics of i.v. fat pig- 
ment during the period it remained in body tissues are thought to be 
correlated with its initial concentration in various types of cells. The 
apparent intensification of its acid-fast, PAS, PMA, osmium tetroxide 
and oil red O staining qualities could easily be related to an increasing 
concentration. Likewise, the alteration of its soiubility in anhydrous 
pyridine and hot methanol chloroform probably have a similar relation- 
ship to its concentration in heavily laden cells. The increased solubility 
in absolute alcohol incident to alcohol fixation, a feature noted 12 and 
18 months after infusion, is not unexpected. It was reported earlier * that 
prolonged storage of alcohol-fixed tissues in 70 per cent alcohol gradually 
removed the i.v. fat pigment content. 

We have examined liver biopsy specimens from a few dogs which had 
received multiple intravenous infusions of various cottonseed oil emul- 
sions. These specimens had been procured over a period of a year. I.v. 
fat pigment-laden giant cells were frequently observed in the specimens 
collected approximately one year after infusion. Thus, the phenomenon 
is not limited to rabbits alone, and it is not unlikely that a similar situa- 
tion may occur in human beings. A pigment-lipoid complex with identical 
histochemical characteristics has been demonstrated in human subjects 
following fat infusion.” * 

In order to determine the ultimate effect upon the host of such residual 
pigment, life-span animal studies are indicated. Our present data do not 
indicate the potential harm that the pigment might evoke. 


SUMMARY 


The pathologic effect of i.v. fat pigment in animal tissues over pro- 
longed periods of time has been investigated. Twenty-five rabbits were 
given daily intravenous infusions of a cottonseed oil emulsion for 28 
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days. Representative groups of these animals and suitable control ani- 
mals were sacrificed at intervals up to 18 months after the infusions. 
Tissue sections prepared from these animals were examined by a variety 
of histochemical procedures for the identification of the fat pigment. The 
substance was observed in representative tissues throughout this 18 
months’ period. It was accompanied by the formation of giant cells in 
the livers of all rabbits from the 25th day after infusion to the termina- 
tion of the experiment. The pigment remained in body tissues as a foreign 
substance which was not metabolized. 
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LEGENDS FOR FIGURES 


Photomicrographs were prepared from sections stained with hematoxylin and 

eosin. 

Fic. 1. L.v. fat pigment in the reticuloendothelial cells of the spleen. Rabbit, 25 
days after termination of intravenous fat infusions. X 850. 

Fic. 2. An i.v. fat pigment-laden giant cell in the liver of the same rabbit photo- 
graphed in Figure 1. X 850. 

Fic. 3. Iv. fat pigment in the reticuloendothelial cells of the spleen. Rabbit, 3 
months after termination of intravenous fat infusions. X 850. 

Fic. 4. Pigment-laden giant cell in the liver. Rabbit, 3 months after termination 
of intravenous fat infusions. X 850. 

Fic. 5. I.v. fat pigment mixed with hemosiderin in the reticuloendothelial cells of 
the spleen. Rabbit, 6 months after termination of intravenous fat infusions. 
X 850. 

Fic. 6. I.v. fat pigment-laden giant cells in the liver. Rabbit, 6 months after ter- 
mination of intravenous fat infusions. X 1000. 
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Fic. 7. Pigment-laden giant cell in the liver. Rabbit, 12 months after termination 
of intravenous fat infusions. X 850. 


Fic. 8. I.v. fat pigment mixed with hemosiderin in a giant cell in the liver. Rabbit, 
18 months after termination of intravenous fat infusions. X 850. 


Fic. 9. I.v. fat pigment in the femoral bone marrow. Rabbit, 12 months after ter- 
mination of intravenous fat infusions. X 1000. 


Fic. 10. Pigment in the mesenteric lymph node. Rabbit, 18 months after termina- 
tion of intravenous fat infusions. X 850. 
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